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REALLY HIGH PRESSURES 


Some of those who attended the Thomas 
Hawksley lecture at the Institution of 
Mechanical Engineers last Friday, Novem- 
ber 18th, may have been a little startled 
by Professor Newitt’s opening words. 
His lecture was entitled “‘ The Properties 
of Matter at High Pressure,” and we 
print long excerpts from it on page 752. 
What proved startling was his conception 
of a high pressure. It turned out to be 
something very much greater than any- 
thing conceived as high by ordinary 
engineers, At the lower end of his scale 
he considered a ‘“‘ domain in which the 
behaviour of a fluid is determined largely 
by a balance between the short range 
repulsive forces and the long range 
attractive forces of its atoms or molecules. 
At temperatures not too far removed 
from room temperature this domain may 
extend up to 50,000 bars...” Since a 
“bar” is equal to 0-987 atmospheres 
Professor Newitt’s lower range of pressure 
extended up to about 750,000 lb per square 
inch! His higher range extended as 
far up the scale as about 1,000,000 
atmospheres, a pressure equivalent to 
those postulated to exist at the centre 
of the earth and within many of the 
Stars. 

The relevance of such a discussion to 
the work of engineers may well have 
seemed to the audience debatable. But 
Professor Newitt soon demonstrated that 
his was a subject of profound interest to 


them. For, at least within his lower range 
of pressure (with which the lecture was 
principally concerned) some relatively 
common engineering devices have to be 
designed for quite respectable conditions. 
In 1934 an International Steam Tables 
Conference drew up “skeleton” steam 
tables showing the properties of steam 
up to pressures of 350 atmospheres, and 
550 deg. Cent. It appears to have been 
thought at that time that an upper limit 
had been reached which would satisfy 
all requirements for many years to come. 
The assumption was very soon proved 
wrong ; and to-day much work is being 
done upon the measurement of the 
properties of steam at very substantially 
higher pressures. The British Electrical 
and Allied Industries Research Associa- 
tion, for example, has thought it desirable 
to sponsor a programme of work at 
Imperial College in which measurements 
of pressure, temperature and total heat 
will be carried up to 1000 atmospheres and 
600 deg. Cent., and up to 750 deg. Cent. 
at somewhat lower pressures. Even these 
pressures, high by engineering standards, 
are low upon Professor Newitt’s scale. 
But in another field of engineering 
endeavour more respectable figures are 
attained. At this day chemical engineering 
processes are being carried out at pressures 
up to 15,000 lb per square inch and in 
the not very distant future pressures up to 
100,000 Ib per square inch (nearly 7000 


atmospheres) seem likely to be used. Who 
would dare to doubt, providing suitable 
materials of construction became avail- 
able, that still higher pressures will there- 
after be demanded ? For chemical engi- 
neers much of Professor Newitt’s work 
clearly has an immediate relevance. But 
attention should not be concentrated 
only upon large-scale high pressure appa- 
ratus. Engineers encounter very high 
pressures and temperatures in other ways. 
As we listened to Friday’s lecture we found 
ourselves reminded of last year’s lecture 
by Dr. Bowden on the phenomena of 
friction. When one material slides over 
another, very high pressures and temper- 
atures are generated locally, very possibly 
of the same order of magnitude as those 
of which Professor Newitt spoke. Hear- 
ing something of the properties of matter 
under such high pressures we were 
disposed to wonder whether momentarily 
and locally lubricants experience such 
conditions and to what extent their 
properties are altered thereby. 

Those parts of Professor Newitt’s lec- 
ture that particularly appealed to us and 
no doubt to engineers in general were 
those which came closest to ordinary 
engineering practice. How, for example, 
are these very high pressures measured ? 
It turns out that pressures in the lower 
ranges—up to some 10,000 atmospheres— 
are measured quite directly. In the free 
piston gauge, for example, a known weight 
is applied to a piston of known cross- 
sectional area to balance the pressure 
within. Alternatively the pressure can 
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be measured by a mercury column. But 
for higher pressures within their ranges 
these instruments, more particularly the 
free piston gauge, are open to inaccuracies. 
The validity of assumptions that a free 
piston is truly cylindrical and friction 
free in its cylinder, that there is distortion 
neither of piston nor cylinder, and that 
there is no leakage, is open to doubt ; 
and in the mercury column method errors 
may accumulate because in order to keep 
the apparatus within reasonable limits of 
size the building up of pressure must be 
made in steps. Above pressures of about 
10,000 atmospheres such methods become 
impracticable and for measurement 
recourse has to be made to a very ancient 
practice. A manganin resistance gauge 
can be used to obtain readings. But the 
gauge has to be calibrated. Just as 
early investigators of, for example, tem- 
perature effects, used fixed points such 
as the melting point of ice and the boiling 
point of wateron which to base their 
scales, so for measuring really high 
pressures fixed points, like the I-II transi- 
tion pressure of bismuth (24,930 bars) are 
sought. But this method makes it 
essential, of course, to tackle the further 
difficulty of measuring accurately the 
particular pressure at which this transition 
takes place. Perhaps at some future date 
some more fundamental aid to accuracy 
will be found. Cesium, for example, 
at room temperature and a pressure of 
about 45,000 atmospheres exhibits a 
discontinuity in its pressure volume curve. 
It is postulated that the effect may be due 
to the forcing of an electron into a new 
orbit. From fundamental theory it may, 
we suppose, some time, be possible to 
calculate exactly at what pressure such a 
change will take place and thus derive a 
fixed point of assured accuracy. 

Another part of the lecture particularly 
attractive to engineers was that which 
discussed the problems of designing high 
pressure equipment. There Professor 
Newitt dealt in particular with the design 
of piston and cylinder assemblies for 
generating pressures up to 15,000 atmo- 
spheres. But there are other problems, 
too. In chemical engineering one of the 
more intricate problems is that of design- 
‘ ing vessels capable of withstanding such 
pressures and having the means, without 
weakening the structure, of passing react- 
ing fluids in and out, not to speak of the 
high pressure piping and pumping plant 
involved. And at lower pressures— 
perhaps too low to come within Professor 
Newitt’s field—very difficult technical 
problems may arise if the vessel is of 
large size. The heat exchanger columns 
at Calder Hall power station may provide 
a case in point. Some, indeed, of what 
Professor Newitt had to say may have 
seemed to his audience to be of scientific 
rather than of engineering interest. But 
Professor Newitt is pioneering in a strange 
country. It is by no means improbable 


THE ENGINEER 


that when it has been explored more 
completely other engineers will follow 
him, and in following him find that new 
light is being cast on to old problems. 


A MOBILE NUCLEAR REPRISAL 
FORCE? 


In a White Paper issued in February 
on the supply of military aircraft, the 
Government made an _ encouraging— 
indeed, a comforting—appreciation of the 
air defence of Great Britain. “ This 
country,” the White Paper assured us, 
“has an effective air defence against what 
any potential enemy is at present able to 
bring against us. By night, the most 
likely time for attack, we have a better 
defence than anyone else in the world.” 
The results of the recent Royal Air Force 
annual exercise, ‘“‘ Beware”’ do not bear 
out this optimistic forecast. It is true that 
many attacking bombers were intercepted 
at greater heights and much farther from 
the coast than in previous exercises of 
this nature. But none the less, some 
bombers got through the defences and 
they would no doubt have been able to 
devastate a number of our industrial 
areas with hydrogen bombs. Moreover, 
according to the Air Officer, Command- 
ing-in-Chief, Fighter Command, who 
summarised the results, the weak spot 
lay in our night defence. It must in fact 
be accepted that not even the most 
modern and efficient anti-aircraft defences 
can keep Britain 100 per cent safe from 
successful attack with hydrogen bombs. 
The most that can be done is to ensure 
that every practicable step is taken to 
reduce the percentage of successful attacks 
to a minimum so that this country—a vital 
base for operations in a major European 
war—may be able to survive. As the 
Foreign Secretary said recently, if there 
can be no victor in a nuclear war, there 
can yet be a surrender unless there is the 
will to resist. But the will to resist 
requires also the means to resist, and it 
is in this respect that American strategical 
thinking seems to be more logical than 
our own. 

On the day exercise “‘ Beware” ended, 
the United States commissioned for 
service the 60,000-ton aircraft carrier 
“ Forrestal.” Five of these huge vessels 
are now being built or have been autho- 
rised and the U.S. Navy hopes to have 
another seven of them—making twelve in 
all—within the next ten years. Attack 
bombers, weighing 70,000lb—with a 
range considerably in excess of the 
“‘ Canberra ’’—are now being constructed 
for these carriers. The U.S. naval staff 
believes that their ability to roam the 
high seas may well force an enemy to 
divert so much of his strength from attacks 
on allied territory that his chances of 
ultimate victory would be extremely 
remote. The carriers are, in fact, regarded 
as a mobile nuclear reprisal force, far 
away from centres of population and 
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industry. The British Chiefs-of-Staff, 
no doubt influenced also by financial 
considerations, do not accept this view, 
They regard strategical bombing as the 
function of the Royal Air Force and ships 
of 60,000 tons as sufficiently valuable to 
offer tempting targets for guided nuc’2ar 
missiles. In contributing to the ability 
of the allied striking fleet “to hit the 
enemy independently,” the carrier-borne 
aircraft of the Royal Navy would certainly 
play an effective part by attacking enemy 
submarine harbours and war potential 
installations near the coast. But their 
range is not sufficient to attack targets 
far inland. In any event, with many of 
Britain’s factories probably destroyed, the 
Royal Navy’s primary task would be to 
safeguard the food, oil and manufactured 
goods essential for this country to survive 
as an operational base. 

In the British view the most effective 
means of reducing the scale of attack from 
the air is to increase the offensive power 
of the Royal Air Force. The utmost 
priority is therefore being given to the 
buildingeup of a strong force of V-bombers, 
capable of carrying nuclear bombs. More- 
over, despite the confidence the Americans 
have in their own massive Strategic Air 
Force, the British Government considers it 
essential that our contribution to the 
deterrent-offensive should be a substantial 
one if we are to have any say in the choice 
of targets or even in the major strategy 
to be adopted by the N.A.T.O. Powers. 
No doubt, also, our defence policy has 
been influenced in some degree by Field- 
Marshal Montgomery’s advice not to 
expand our defences to the extent of 
weakening our overall military strength. 
But with the results of exercise “‘ Beware ” 
in mind, it is reasonable to ask whether 
sufficient consideration is being given to 
this country’s ability to survive. The 
nation should at least be informed of the 
capabilities of modern defence and how 
much can be expected of it. The first 
essential is to remove the curtain of 
secrecy on the progress made in guided 
missile development and to explain why 
no ground-to-air missiles are yet in pro- 
duction in this country. The United 
States are spending hundreds of millions 
of dollars in manufacturing these missiles 
and in erecting launching sites for the 
defence of their industrial towns. Their 
“Nike” ground-to-air missile, now in 
quantity production, has a range of about 
25 miles and no sound reason has yet 
been given why it—or a British equivalent 
—is not considered suitable for the air 
defence of this country, if launched from 
sites on or near the coast. The Royal 
Navy, it is interesting to note, has 
deliberately refrained from increasing its 
offensive power—by postponing almost 
to danger point the construction of 
replacement cruisers—pending the avail- 
ability next year of an effective anti- 
aircraft defence. 
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A Seven Day Journal 


The Beama Dinner 


Tue British Electrical and Allied Manu- 
facturers’ Association held its annual dinner 
at Grosvenor House, London, on Wednesday 
evening of last week, with the president, 
Viscount Chandos, in the chair. After the 
loyal toasts had been honoured, a toast to 
“The Guests ” was proposed by Mr. E. H. 
Ball, chairman of the Beama Council, and 
acknowledged by Sir Thomas White, High 
Commissioner for Australia. There then 
followed the toast of ‘The Electrical 
Industry,” which was proposed by Mr. 
A. R. W. Low, Minister of State, Board of 
Trade. During his speech the Minister 
referred to the fact that in the last ten years 
the amount of electric power available in 
Britain had doubled, and that each worker 
in industry now had about two-thirds more 
horsepower available than just after the 
war. Mr. Low also spoke about export 
competition, saying that the British electrical 
industry’s export record, and the information 
which reached him about new contracts, 
were proof of the industry’s competitiveness. 
He went on to express the belief that old 
customers and new had learned to rely upon 
the quality of the goods offered and the 
terms proposed by the British electrical 
industry rather than “to go running after 
false gods,” who from time to time might 
offer specially undercut prices. Nevertheless, 
the Minister warned about complacency con- 
cerning costs. The threat, he said, was not 
so much in the present relationship of costs 
but rather in the recent trend of this country’s 
costs rising faster than the costs of its com- 
petitors. In his response to the toast, 
Viscount Chandos spoke about present 
developments and techniques in industry and 
science which must inevitably lead to the 
electrical industry’s continuing expansion. 
He added that the electrical industry could 
derive satisfaction from the fact that, since 
the war, the increase in its production had 
been twice that of the average of industry 
as a whole. 


Group Apprenticeship Scheme 


Last Friday the Engineering Industries 
Association held a special meeting to inaugu- 
Tate its group apprentice training scheme 
on a national basis. At this meeting Mr. 
D. A. Gunn, chairman of the London 
Regional Committee of the Association, 
described the concept and growth of the 
scheme, and Mr. E. L. G. Robbins outlined 
the organisation and future development of 
the scheme nationally. Under the scheme 
apprentices benefit by a pooling of the train- 
ing resources of a number of small firms. 
By this means a comprehensive training 
course can be established which is at least 
equivalent to that obtainable in the larger 
organisations. The scheme is controlled in 
each area by a committee of representatives 
of the participating firms, the youth employ- 
ment services and educational bodies. A 
firm of consultants, Industrial Administra- 
tion (RK. and A.), Ltd., is responsible to these 
committees for the administration and routine 
Tunning of the scheme, and for the appoint- 
ment of a qualified supervising engineer to 
each group. Each firm decides its own 


degree of participation and engages, sponsors 
and indentures apprentices in its own name. 
The temporary transfer of the apprentices 
to ga‘: experience which is not available in 


the sponsoring firm is arranged by the 
supervising engineer, although apprentices 
normaily spend the major part of their 
apprenticeship with their sponsoring firm. 
Under the scheme an individual training 
programme is prepared for each apprentice, 
to ensure that he does in fact gain practical 
experience suitable to his trade, both with 
his own firm and with the other firms in 
the group. Full details of the scheme are 
obtainable from the offices of the Association 
at 9, Seymour Street, London, W.1. 


Old Centralians Annual Dinner 


Last Monday, November 21st, the Old 
Centralians held their 45th annual dinner 
at Grocers’ Hall, in the City of London. Mr. 
J. Rosen, F.C.G.1., president of the associa- 
tion, presided. In proposing the toast of 
“The Old Centralians and the City and 
Guilds College,” the Rector, Dr. R. P. 
Linstead, remarked on the fact that Imperial 
College was to be expanded to take 3000 
students and that the number had already 
reached 2000. There was, he thought, a 
danger to the corporate life of the College in 
so great an expansion. But the fact that 
there were three separate colleges within 
Imperial College would, he felt, help to 
counteract that danger. Turning more 
directly to the affairs of the City and Guilds, 
he pointed out that it was now the largest 
engineering college in the Commonwealth. 
More engineers were trained there than at 
any university in the country and more than 
were trained at Oxford and Cambridge com- 
bined. Within the next twelve months the 
Imperial College would get greater additions 
to its size than it had experienced in the last 
forty years. The bulk of the additions were 
being made to the City and Guilds College. 
The City and Guilds had a great tradition of 
fellowship. A student who was educated 
there joined something for life. In reply Mr. 
Rosen made some graceful references to the 
help the City Companies had given to the 
City and Guilds College in the past and con- 
tinued to give in the present. Mr. Grigor 
Taylor then proposed the toast of “ The 
Guests,” to which Sir Frederick Brundrett 
replied. 


Cannon Street Station Reconstruction 


UNDER a reconstruction scheme which has 
just been put in hand at Cannon Street 
Station of the Southern Region .of British 
Railways, the platforms are to be lengthened 
to take ten-car electric trains. This scheme, 
which will cost about £1,250,000 and take 
two-and-a-half years to complete, is designed 
to ease still further the congestion which 
occurs in the North Kent suburban areas 
during rush hour periods. In the first 
stage of the work of reconstruction the 
ground floor of the main buildings, known 
as Southern House, will be cleared to create 
an area for a modern ticket-hall and con- 
course. In the second stage work will start 
on the extension of platform lines Nos. 1 to 
4 to take ten-car trains. At the same time a 
part of Southern House will be demolished 
so that the underpinning of the main walls 
can begin. The third and most intricate 
stage involves the actual underpinning of 
Southern House and the bringing into use 
of the new booking-hall and ticket office 
with platforms Nos. 1 to 6 lengthened to 
take the longer trains. Simultaneously work 
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will begin on a new block of buildings 
on the east side of the station to provide for 
a general waiting room, ladies’ room and 
refreshment room, together with staff accom- 
modation. In the final stage of the work 
platforms Nos. 7 and 8 will be lengthened 
and a start will be made on the removal of 
the towers and high arched roof which will 
be replaced by a new roof at a lower level. 


Institution of Gas Engineers 

On Tuesday and Wednesday last the 
Institution of Gas Engineers held its twenty- 
first autumn research meeting in London. 
One of the papers presented for discussion 
was “‘ An Investigation of Explosion Reliefs 
for Industrial Drying Ovens : 1. Top Reliefs 
in Box Ovens,” by Mr. P. A. Cubbage and 
Mr. W. A. Simmonds. The paper pointed 
out, in the introduction, that statistics 
collected by the Factory Department of the 
Ministry of Labour and National Service 
showed that about 40 per cent of explosions 
in gas-heated plant occurred in industrial 
drying ovens and experimental work on the 
prevention of damage due to this kind of 
oven was started at the Midlands Research 
Station of the Gas Council. As some two- 
thirds of the explosions occurred in box 
ovens and the remainder in conveyor ovens, 
the immediate requirement was to obtain 
data on which the design of explosion reliefs 
for box ovens could be based. As a result 
of the investigations it was concluded that 
many explosion reliefs on box ovens were 
dangerous in operation because they were, 
in themselves, missiles, and were too small 
in area and too heavy. The paper described 
a safe form of relief for insertion in the top 
of drying ovens and its method of application. 
Another paper read by Mr. J. S. Davis, 
described the provisions made by the South 
Eastern Gas Board for rendering technical 
services within its organisation and giving 
notes on certain developments exemplifying 
the outcome of technical collaboration. 


Safety on the Farm 


Tue Institution of British Agricultural 
Engineers has stated that its East Anglian 
centre has prepared a draft report, with 
some recommendations, on the safe operation 
of agricultural machinery and implements. 
This report, we are informed, includes an 
analysis of all the available statistics about 
farm accidents and a detailed study of the 
causes of many of the machinery accidents 
reported in the Eastern Counties over the 
last twelve months. There is also included a 
comprehensive study of the design and 
guarding of a variety of agricultural ma- 
chines and implements. Among the recom- 
mendations made in the report are the pro- 
vision of a safety code for agricultural 
machinery, and the inclusion in the curricula 
of agricultural colleges and local education 
authorities of a study of such a code. It is 
also urged that manufacturers should pay 
special attention to the eradication or guard- 
ing of danger points in their machines, and 
that where it is impossible to deal adequately 
with danger points on machines, attention 
should be drawn to them by an “ arresting 
visible device.” Finally, it is recommended 
that routine safety precautions should be 
included in all leaflets and instruction manuals 
prepared by machinery and implement 
manufacturers. A draft of suitable safety 
codes for owners and users of agricultural 
machinery and implements is included as an 
appendix to the report. It is stated that this 
interim document will now be studied by the 
other five local centres of the Institution, and 
that it will then form the basis of a fuller 
report to be issued by the council. 
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Properties of Matter at High 
Pressure 


By PROFESSOR D. M. NEWITT, M.C., D.Sc., F.R.S.* 
No. I 


The forty-second Thomas Hawksley Lecture was delivered before the Institution 
of Mechanical Engineers last Friday, November \8th. Lengthy abstracts from 
the lecture are here reprinted. Professor Newitt considered the properties of 
matter at pressures up to about 100,000 atmospheres, with some reference to 
conditions existing at even higher pressures up to about 1,000,000 atmospheres. 
After introducing his audience to PVT surface diagrams, he considered the present 
status of the steam tables and described methods of measuring high pressures. 
Attention was then directed to the liquid surface, the solid surface and the melting 
and sublimation curves, and the phase behaviour of some binary systems. In 
conclusion some problems in the design of high-pressure equipment were studied. 


N almost every branch of technology 

to-day, research is being directed towards 
extending the boundaries of operating con- 
ditions by the introduction of new or im- 
proved experimental techniques, by theo- 
retical studies leading to more accurate 
design procedures and by the use of more 
robust materials for plant construction. 

In some instances, as, for example, in steam 
raising, the effort takes the form of stepwise 
increases in working temperatures and 
pressures, leading to predictable“ improve- 
ments in cycle efficiencies. In others, as, for 
example, in exploring the structure of matter, 
the immediate objective is the attainment of 
temperatures and pressures likely to bring 
about an overlapping of the electron phase 
spaces ; to this end, theory suggests that 
pressures far in excess of any yet realisable 
in the laboratory are required, and it may be 
that entirely new methods and techniques 
will have to be discovered before the pre- 
dicted values can be reached. In such 
circumstances a close collaboration between 
the physicist and the engineer would seem to 
afford the best prospect of overcoming some 
of the formidable difficulties which are to be 
expected when advancing on this frontier. 

It is my purpose in this lecture to give some 
account of the characteristic properties asso- 
ciated with highly condensed systems and 
highly stressed materials, as revealed by work 
carried out during recent years. It may be 
well at the outset to have in mind the order 
of pressures with which we shall be con- 
cerned. At the lower end of the scale is a 
pressure domain in which the behaviour of a 
fluid is determined largely by a balance 
between the short-range repulsive forces and 
the long-range attractive forces of its atoms 
or molecules. At temperatures not too far 
removed from room temperature this domain 
may extend up to about 50,000 bars,f after 
which it seems probable that the liquid state 
will cease to exist. The second domain, 
which overlaps the first and extends to some 
10® bars, is one in which solids in general 
undergo polymorphic transitions, giving rise 
to a series of stable phases of progressively 
increasing density. Thus, over a range of 
pressures of 20,000 bars, ice has been shown 
to exist in seven different forms. The third 
domain is one extending from about 10° bars 
upward, and defines conditions in which on 
theoretical grounds it is expected that a 
breakdown in the structure of matter will 
occur. It may be recalled that pressures of 
this order are postulated at the centre of the 
earth and in many of the stars. 

At the present time it is practicable to 
operate industrial plant at pressures up to 
3000 bars, provided the working temperature 





* Head of the ment of Chemical Engineering, Imperial 
College of Science ana Technology, South Kensington. 


+1 bar=—0-987atm.=10° dynes per square centimetre= 


14-5 Ib per square inch=0-9807kg per square centimetre. 


is not too high. In the laboratory it is com- 
paratively easy to experiment at 15,000 bars 
over a temperature range of several hundred 
degrees, whilst a limited amount of systematic 
work has been done at pressures as high as 
100,000 bars. This probably represents the 
extreme limit attainable by the use of existing 
materials and methods of plant construction. 


THE PRESSURE-VOLUME- TEMPERATURE 
SURFACE 


In studying the behaviour of highly con- 
densed systems the thermodynamic functions 
most amenable to accurate measurement are 
the two intensive quantities, pressure P and 
temperature 7, and the extensive quantity, 
volume V. AP, V, T, surface, such as that 
shown in Fig. |, will define the boundaries of 











Fig. 1—Pressure, volume, temperature surface 


the various phases of a single substance and 
the regions in which two or more phases are 
in equilibrium ; and planes cutting the 
surface parallel to the axes will give the 
corresponding isobaric, isometric and iso- 
thermic diagrams. To engineers who are 
concerned largely with energy changes, 
other graphical representations, such as the 
temperature-entropy and the various Mollier 
diagrams, may be more familiar. 

In Fig. 1 the solid, liquid and gas phases 
are represented by smooth surfaces extending 
indefinitely along the pressure axis. This is 
undoubtedly an oversimplified picture, since 
it is known that most, if not all, substances 
undergo polymorphic transitions in the solid 
phases, and there is a probability of an upper 
boundary to the region of coexisting liquid 
and solid. Both liquid and vapours may 
also exist in more than one phase. 

The data at present available for the con- 
struction of P, V, T surfaces usually take the 
form of measurements of compressibility or 
of isothermal or isenthalpic expansions ; 
they are of varying degrees of accuracy and, 
in general, any particular set of observations 
covers only a small area of the P, T plane. 
The manipulation of such miscellaneous 
data to give internally consistent diagrams is, 
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in consequence, a laborious and time-cop. 
suming task, and it is only recently ‘iat g 
systematic survey and analysis of al: the 
existing data for the more important i dys. 
trial gases has been undertaken by the 
Mechanical Engineering Research Labor. 
tory. 

The surveys so far completed reveal fiw or 
no data outside the temperature range 
—100 to 400 deg. Cent., or for pressures 
beyond 3000 bars. Even within these | imits 
the data are in no case complete anc not 
always consistent ; in attempting to cop. 
struct working diagrams it is therefore neces. 
sary arbitrarily to weight the various scts of 
observations and to interpolate by meais of 
empirical equations. This situation is far 
from satisfactory, when the diagrams are 
required for design purposes, and the urgent 
need for a revision and extension of the data 
needs little emphasis. In this connection jt 
may be of interest to refer to some work now 
in progress at the Imperial College of Science 
on the P, V, T surface of steam. 


THE PRESENT STATUS OF THE STEAM TABLES 


The systematic investigation of the thermo- 
dynamic properties of steam was commenced 
at the beginning of the century by the late 
Professor H. L. Callendar and some aspects 
of his work formed the subject of the six- 
teenth Thomas Hawksley Lecture which he 
delivered in 1929 (Callendar, 1929); 
Callendar’s outstanding contributions in this 
field were the introduction of platinum 
thermometry and of continuous flow calori- 
metry, which formed the basis of his experi- 
mental methods for the determination of 
specific heat and enthalpy. He employed a 
simple and thermodynamically consistent set 
of equations to express his results which 
were published in the form of steam tables in 
1915, 1924 and 1931. 

Meanwhile an International Steam Table 
Conference convened in 1929.assumed spon- 
sorship for an extensive programme of work 
on steam, which had been undertaken some 
years earlier as a collaborative effort by 
investigators from Czechoslovakia, England, 
Germany and the United States of America. 
The results of this work were reported (Third 
International Conference on Steam Tables, 
1934) at the third conference held in 1934, and 
may be summarised as follows :— 

(1) A careful comparison of the inter- 
national and thermodynamic scales of tem- 
perature from 0 deg. Cent. to the sulphur 
point (National Bureau of Standards). 

(2) A redetermination of the specific heat 


’ of water between 0 deg. and 100 deg. Cent. 


(National Bureau of Standards). 

(3) Three independent determinations of 
the saturation line : 

(a) From P, V, T, data by F. G. Keyes 
(estimated accuracy 1 part in 1 to 2000), 

(b) From P, V, T data by N. S. Osborne 
(estimated accuracy 3 parts in 10,000), and 

(c) From P, H, T data by A. C. G. Egerton 
and G. S. Callendar (estimated accuracy 
1 part in 1000). 

These three sets of data are in agreement 
up to within 4 deg. Cent. of the critical point, 
after which they differ widely. An estimate 
of the differences is difficult to make owing 
to the results being presented sometimes as 
experimental figures and sometimes as 
smoothed curves. 

(4) Three investigations in the superheat 
region : 

(a) P, V, T data by Keyes extending to 
360 atm. and 460 deg. Cent. (estimated 
accuracy 1 part in 1000), 

(b) P, H, T data by Egerton and Callendar 
extending to 360 atm. and 550 deg. Cent. 


t An alphabetical list of references is given in the Appendix. 
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(estimated accuracy 1 part in 1000), and 

(c) ?, H, T data by J. Havlicek and L. 
Miskovsky to 400 atm. and 550 deg. Cent. 
(estimated accuracy 1 part in 350). 

Once again, owing to different methods of 

resentation, intercomparison of results is 
dificult, but in general there are significant 
variations in the values of enthalpy, with 
Keyes’s results being the highest and Egerton 
and Callendar’s the lowest, the difference 
being greater as the temperature increases. 

(5) Two independent investigations of the 
latent heat of steam up to 365 deg. Cent. in 
the pressure range 100-200 atm. 

(6) Joule-Thomson coefficients by H. Davis 
and R. Kleinschmidt, in the range 1-40 atm. 
and 125-350 deg. Cent. 

(7) Specific heat data by W. Koch up to 
250 atm. and 360 deg. Cent. 

Based upon a careful assessment of this 
data, the Conference prepared International 
Skeleton Steam Tables, with agreed “ toler- 
ances,” for comparatively large pressure and 
temperature intervals, the upper limits being 
350 atm. and 550 deg. Cent. From these 
tables a number of more detailed Inter- 
national Steam Tables have since been 
published, which, although differing one 
from the other, all come within the tolerances 
laid down by the Conference. 

On the temperature-entropy plane, the 
areas covered by the experimental data 
referred to above are shown in Fig. 2. It 
has been pointed out by Keyes and Keenan 
(1955) that the accuracy of the data upon 
which the International Skeleton Tables 
are based is confirmed by the test of thermo- 
dynamic consistency, when the test is carried 
out employing the results of recent experi- 
mental comparisons of the international 
and thermodynamic temperature scales. 
There is, however, an urgent need for addi- 
tional data, extending beyond the range of 
the Skeleton Tables, for boiler and turbine 
design, and it is hoped that a renewal of 
the collaborative effort that proved so 
successful in the past may be found possible. 

Since the 1934 Conference, the results of 
several important investigations in this field 
have been published. Moser and Zmaczynski 
(1939) have made accurate measurements 
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Fig. 2—Summary of various experimental studies 
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Fig. 3—Electrically heated flash boiler 


of the vapour pressure 
of water from 73-5 deg. 
to 128-6 deg. Cent., 
and Kirillin and Rum- 
janzer (1950) have 
obtained P, V, T data 
over the range 92-524 
atm. and 430-600 
deg. Cent. Some pre- 
liminary P, V, T data, 
extending to 2500 atm. 
and 1000 deg. Cent. 
have also been reported 
by Kennedy (1950). 
Furthermore, the 
British Electrical and 
Allied Industries Re- 
search Association has 
sponsored a pro- 
gramme of work at the 
Imperial College of 
Science, in which P, 
H, T measurements are 
being made in the pres- 
sure range 350 to 1000 
atm. at temperatures 
up to 600 deg. Cent. 
It is also hoped to 
obtain data extending 
to 750deg. Cent., but 
at somewhat lower 
pressures. The method 
that is being employed 


is one used in the earlier work of Callendar 
and Egerton (1935), in which an electric- 
ally heated flash boiler produces steam 
whose temperature and pressure are 
measured before exhausting adiabatically 
into a _ calorimeter-condenser. Improve- 
ments in materials of construction and in 
the techniques of temperature and pres- 
sure measurement will, it is hoped, enable 
the projected upper limits to be achieved 
without undue difficulty. In the construction 
of the new plant, Nimonic 80 has been 
extensively used. This is a nickel-chromium 
alloy containing titanium and aluminium, 
which possesses exceptionally good creep 
properties at high temperatures. At 600 deg. 
Cent., for example, under a stress of 25 tons 
per square inch, the extension of a cylinder 
0-276in in diameter and 3in long was found 
to less than 0-1 per cent in 500 hours. 

The boiler, two views of which are shown 
in Fig. 3, contains 100ft of Nimonic tubing 
of inside diameter #,in and outside diameter 
fin in twelve passes, the tubes being heated 
by an alternating current passed through the 
walls. From the boiler, the steam flows 
into a superheater, which is independently 
heated by the same method, and thence into 
a pocket where the pressure and temperature 
are measured. The steam then expands 
adiabatically through a small orifice into a 
condenser, and the rate of flow and tem- 
perature of both the condensate and the 
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cooling water are measured. The pressure 
in the plant is controlled by varying the 
output of the boiler feed pump or by changing 
the size of orifice, and the temperature by 
varying the output of the boiler and super- 
heater transformers. Temperatures are 
measured by platinum resistance thermo- 
meters and pressures by a free-piston pressure 
balance. 

At this point, I may perhaps be allowed to 
digress to give some account of the methods 
available for measuring very high pressures. 


THE “MEASUREMENT OF HIGH PRESSURES 


High pressures are most conveniently 
measured by some form of secondary gauge, 
the operative element of which should have 
a quick response and be of a form which can 
be accommodated in the experimental appa- 
ratus. Such a gauge requires calibration over 
its full range against a primary gauge which 
measures pressure in terms of fundamental 
units, or by reference to two or more fixed 
pressure points, which have in turn been 
established by means of a primary gauge. 
In work extending beyond 10,000 bars, the 
gauge most commonly employed is one 
depending on the measurement of the change 
of electrical resistance with pressure of a 
metal wire. The alloy manganin is par- 
ticularly suitable for this duty, since its 
resistance has a low temperature coefficient 
at room temperature and changes almost 
linearly with pressure. Up to 25,000 bars, 
the change in resistance with pressure can 
be expressed as an equation of the second 
degree, the deviation from linearity being 
about 2 per cent. 

Primary gauges take the form either of a 
balanced free piston of known cross-sectional 
area Or of a mercury column of reduced 
height. In both cases, the pressure to be 
measured has to be contained within a 
cylinder which forms part of the gauge, and 
which must be sufficiently strong to with- 





Distance Along 
Piston 














Fig. 4—Section of piston assembly 


stand the resultant stresses without per- 
manent deformation. This condition sets 
an upper limit to their readings which, with 
the materials of construction at present 
available, is about 12,000 bars. 

The operation of the free-piston gauge 
may be understood by reference to Fig. 4, 
which shows in section the piston cylinder 
assembly. The pressure P to be measured 
is transmitted by means of some suitable 
liquid to the underside of the piston B which 
is free to move in the cylinder C, but is 
restrained by a counterbalancing weight W 
supported at its upper end. If the weight 
of the piston is w, and its cross-sectional area 
A, and p is the atmospheric pressure, then 
under ideal conditions, when the piston is in 
equilibrium, 

W+w 
Pa e+. 
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The assumptions implied in this relationship 
are that the piston is truly cylindrical and 
free to move in the cylinder without friction, 
that no distortion of the piston or cylinder 
takes place and that there is no measurable 
leak of liquid past the cylinder. None of 
these assumptions is valid over a wide 
pressure range. In particular, the leakage 
past the piston is a function of pressure, and 
results in a lifting force on the piston owing 
to viscous drag, which is equivalent to 
an increase in the effective area of the piston. 
If the dimensions of the assembly remain 
unchanged under load, it can be shown that 
the effective area may be taken, without 
serious error, to be the mean of the cross- 
sectional areas of the piston and cylinder. 
At high pressures, however, elastic deforma- 
tion takes place, and it is possible to calculate 
from elastic theory the effect of distortion 
on the effective area. In this way, Bridgman 
estimates that, for his particular gauge, the 
effect would require a correction of about 
1 part in 500 at 10,000 bars (Bridgman 1949). 

It is, therefore, necessary to modify the 
equation to the extent of replacing A by 
(A,), the effective area of the piston at 
pressure P. The value of (A.) cannot be 
calculated directly from the dimensions of 
the piston and cylinder, but may be obtained 
by calibrating the gauge against a column of 
mercury of reduced height. We have recently 
constructed and erectec such a column at 
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the Imperial College, and have shown how to 
estimate the various corrections required to 
its readings (Bett, Hayes and Newitt, 19.4), 

Illustrations of the column are shown jp 
Fig. 5, and a diagrammatic layout of the 
column and ancillary equipment in |'\g, ¢, 
The column consists of an inverted UL tube 
one limb M of which is filled with m- rcury 
and the other N with liquid paraffin. The 
mercury limb consists of a stainles: stee| 
tube 30ft long, connected at each enc to a 
steel block F, into which electrical co :tacts 
are screwed. These contacts, with a s: table 
signalling device, serve to locate the me cury- 
oil interfaces. The two columns are cop. 
tained in a water jacket, the temperat:.re of 
which is maintained constant to +0-0) deg. 
Cent. The pressure at the upper and ‘ower 
end of the column is transmitted to cue or 
other of two free-piston gauges A and B, 
Each gauge is provided with a screw ram 
injector J, by means of which the pressure 
may be adjusted to fine limits. 

In operating the column, the gauges 4 and 
B are connected alternately to the top and 
bottom of the column, and pressure is built 
up by increments represented by the indicated 
height of mercury suitably corrected for the 
several hydrostatic heads in the connections, 
In applying corrections to the observed height, 
accurate data for the compressibility of 
liquid paraffin and mercury are required. 

By a comparison of the readings of free- 


Fig. 5—Mercury column for measurement of high pressures 
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piston balance and a 
mercury column, it is 
possible to determine 
the effective piston 
area of the balance as 
a function of pressure, 
including corrections 
for distortion, lack of 
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symmetry, leakage and 
other causes. It has 
been found that the 
effective piston areas 
of pressure balances 
sometimes show a drift 
with time, and, in 
order to check them 
from time to time, it 
is convenient to make 
use of one or more 




















fixed pressure points. 
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For this purpose, the 
vapour pressure of 
carbon dioxide at 0 
deg. Cent. (34-8 bars) 
and the freezing pres- 
sure of mercury at 0 
deg. Cent. (7490 bars) 
have been recom- 
mended. 

Since the primary gauges described above 
can be used only to pressures of about 
10,000 bars, the measurement of higher 
pressure involves the use of some form of 
secondary gauge with some uncertainty as to 
its calibration. The present practice is to 
employ a manganin resistance gauge and to 
check its readings against one or more fixed 
pressure points, which have been established 
by other means. The only point which is at 
present available beyond the range of a 
primary gauge is the I-II transition pressure 
of bismuth (24,930 bars), which has been 
measured by Bridgman (1949), using the 
method of volume discontinuity. By this 
method pressure is transmitted directly to a 
specimen of the metal contained in a cylinder 
by means of a closely fitting piston and the 
change in volume with pressure is measured 
by the movement of the piston. Errors will 
arise due to frictional effects and distortions 
of piston and cylinder, and the precision of 
the final measurement will depend upon the 
accuracy with which these errors can be 
determined. Bridgman was able to measure 
directly the distortion of the cylinder at the 
piston face, by means of an electrical internal 
gauge, and to minimise frictional effects by 
reducing the thickness of the piston packing 
rings. It is difficult to estimate the absolute 
accuracy of the final transition pressure, but 
the total frictional effect obtained by allowing 
the transition to take place for both increasing 
and decreasing pressures was about 6 per 
cent. Making use of the mercury freezing 
and the bismuth transition pressures, Bridg- 
man found that the change in resistance with 
pressure of a manganin wire could be 
expressed as an equation of the second 
degree, the departure from linearity being of 
the order of 2 per cent at 25,000 bars. 

Beyond 25,000 bars there is no method 
available for determining pressure, other than 
that of an extrapolation of the pressure 
coefficient of some measurable property of 
the solid state or a direct measurement of the 
force acting on the specimen. At such 
pressures stress differences in compressed 
solids, of the order of their plastic shearing 
strength, are to be expected. The shearing 
strength increases with pressure in a way 
characteristic of the substance ; for organic 
compounds, for example, it may rise expo- 
nentially. In the case of certain metals, such 
as tin and iridium, however, the shearing 
stress is only a few thousand pounds per 


A, B—Free-pi iston gauges. 

C, D—Pipelines led wil with paraffin. 
-—Insulated p 
F—Block for Slectrical contacts. 
G, P—Mercury traps. 

H—Manifold. 
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Fig. 6—Diagrammatic layout of mercury column for measurement of 
high pressures 


square inch, even at high pressures, and if a 
sample under compression is thin enough 
stresses sufficiently close to hydrostatic con- 
ditions for purposes of pressure measurement 
may be realised. 
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Marine Engineers’ Memorial 
Building 

On Wednesday, November 16th, the 
ceremony of laying the foundation stone of 
the Institute of Marine Engineers’ National 
War Memorial Building was performed by 
the Duke of Edinburgh. The new building, 
which has been designed as a war memorial 
and as the new headquarters of the Institute, 
the present headquarters being scheduled 
for demolition, will occupy an island site 
bounded by Fenchurch Street, Mark Lane, 
London Street, and Railway Place. Re- 
striction of ground area has meant that for 
economic reasons it has been necessary to 
provide the same floor area in one building 
on a smaller site and has resulted in the 
incorporation of a tower in the design, 
which is 80ft long, 50ft wide and 168ft high. 
Within that part of the new building occupied 
by the Institute a staircase leading from a 
vestibule at ground floor level will lead to an 
upper vestibule giving access to the members’ 
lounge, council chamber and the Memorial 
Hall, which will have seating accommoda- 
tion, including the gallery, for about 450 
members. Entry to the gallery will be 
from a foyer on the second floor, which also 
gives access to the library, while the main 
office accommodation will be located on the 
third floor. 

At the luncheon following the cere- 
mony, which was attended by over 300 
members and guests, the toast of “ The 
Right Honourable the Lord Mayor, the 


_Corporation of London and the Sheriffs,” 


was proposed by the President, Mr. A. J. 
Silley, and responded to by the Lord Mayor, 
who welcomed the new building of the Marine 
Engineers to the City and referred to the 
efforts of the late Mr. A. Robertson in 
making the whole scheme a possibility. His 
Royal Highness proposed the toast of “ The 
Institute of Marine Engineers” and said 
that the new building would be a worthy 
memorial to the 3458 marine engineers who 
lost their lives during the war. He was con- 
vinced that marine engineers made a con- 
siderable contribution to the nation’s pros- 
perity and that only by refusing to be 
satisfied with the success of current achieve- 
ments could the production of more efficient, 
reliable and economic machinery be assured. 
In his reply Mr. Silley assured the Duke that, 
despite the progress being made, the marine 
engineers were not complacent. The new 
headquarters, he said, would be a focal point 
for the reading of technical papers, and he 
concluded his remarks by thanking all those 
who had contributed towards the cost of the 
building. 





Light Radio Mast 


A Licut radio mast known as the “ Unit”’ 
mast has been designed by British Insulated 
Callender’s Construction Company, Ltd., and 
is being mass-produced by Painter Brothers, 
Ltd., of Hereford. It consists of elements 10ft 
long which can be assembled to a maximum 
height of 150ft. The mast is stayed at 20ft or 
30ft intervals and stay plates are provided at 
each corner of the upper end of each element. 
This light welded structure is of triangular 
section, each face of the triangle being 12in wide ; 
it is constructed chiefly of steel tubes and weighs 
7lb per foot of length. Climbing rungs are 
incorporated in one face. 

The elements are constructed of mild steel 
and each consists of three tubular corner posts, 
braced together by rods. The assembly is 
welded together i in a rotary jig. After fabrication 
the element is hot-dip galvanised. As erection 
progresses, additional elements are added using 
two Hin bolts at each corner joint. A 150ft 
mast will withstand a head load of 1000 Ib plus 
a wind of 100 m.p.h., we are informed, 
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Flame Research at Ijmuiden .. 


No. I 


O*N Saturday, November 12th, the Inter- 
national Flame Research Committee—pre- 
viously the Flame Radiation Research Joint 
Committee—inaugurated its new pulverised fuel 
furnace and experimental plant. The occasion 
marked a further stage in the work of this 
research group, which was set up in 1949 by 
engineers from Britain, France and the Nether- 
lands, these countries being subsequently joined 
by Sweden, Belgium and the United States of 
America. Its work is supported by the glass, 
iron and steel, oil, gas, and other sections of 
industry and by a number of research organisa- 
tions in the various countries. The organisa- 
tion has recently been incorporated-in Holland 
as a non-profit-making company. Previous 
work at Ijmuiden has been described in THE 
ENGINEER of May 7, 1954, page 684, and June 6, 
1952, page 822. 


PROBLEMS OF FUEL RESEARCH 


In his address at the inauguration ceremony 
Dr. D. T. A. Townend, director of the British 
Coal Utilisation Research Association referred to 
the critical situation which existed with respect 
to the production and utilisation of coal. In 
Britain, he said, there was an increasing gap 
between production and the expanding needs of 
industry, aggravated by falling recruitment of 
young miners. Much of the coal produced was 
in the smaller size ranges. The public was 
increasingly concerned about atmospheric pollu- 
tion, particularly pollution caused by the use of 
solid fuels. These trends were making heavy 


demands on those concerned with the production 
of coal and with its utilisation. 

Considerable progress had been made with 
the scientific study of the combustion of coal, 
but much remained to be done to raise plant 
design and operational efficiency. Beside 


thermal efficiency, questions of capital cost, 
availability and flexibility had to be considered. 
In many ways the effects of impurities (sulphur 
and alkalies) were of more importance than the 
nature of the coal itself. 

Combustion processes could be classified 
according to the forms of fuel/air systems 
employed, which in turn affected the time for 
which fuel particles were exposed to high 
temperatures before being entirely consumed, 
and consequently the nature of the chemical and 
physical changes which took place during com- 
bustion. 

In Britain at the present time, about 120 to 130 
million tons of coal and coke were burnt annually 
in industrial fuel beds of the fixed type, while 
about 17,000,000 tons of raw coal were burnt 
in suspension. A review of the practice in 
British power stations indicated a decline of fuel 
bed firing from a peak of 25,000,000 tons, 
attained in 1951, to a probable 15,000,000 tons 
anticipated for 1960. Pulverised fuel firing, on 
the other hand, increased threefold between 
1946 and 1953, and was expected to increase 
by a factor of seven by 1960. One of the main 
causes of this was the policy of unit combination 
of boiler and turbine, which Jed to capacities 
beyond the scope of stoker-fired appliances. 
Another factor was the apparently beneficial 
influence of the high dust burden of the dry 
bottom - pulverised fuel furnace in reducing 
deposit formation. 

Of other modern forms of fuel bed and 
suspension combustion, the speaker mentioned 
fluidised beds and the cyclone method of com- 
bustion. Inchemical reactions, more especially 
where the particles were reaction sites and not 
reaction partners, fluidised beds had been highly 
successful, and indeed vital where it was a 
question of controlling a strongly exothermic 
reaction between narrow temperature limits, in 
order to obtain a preferred reaction product 
(e.g. in the Fischer-Tropsch process). Most 
attempts to extend the method to combustion 
and gasification appeared to have failed. In 
plant of this kind the diminution in size of the 
particles as they were consumed led to increased 
“* carry-over’ and loss of efficiency. Internal 
burning of the particles and consequent reduction 
in bulk density might also play a part here. 


The cyclone system had been much developed 
in Germany and in the U.S.A. and had the 
advantages of using small-sized fuel (Jin and 
under) which did not require pulverising, and of 
leading in principle to products of combustion 
which were freer from impurities than those 
obtained with any other method. In this system 
the fuel was injected tangentially by means of 
high-pressure secondary air into a water-cooled 
cylindrical shell ; larger particles were thrown 
against the wall and burned there in contact with 
liquefied ash, while the smaller particles burned 
in suspension in the highly turbulent atmosphere. 
American tests on two 300-tons per hour boilers, 
operating under identical conditions on coal 
with 18 per cent ash, had shown a carry-over 
of 85 per cent with pulverised fuel firing and 
only 13 per cent with cyclone firing. In mid- 
1954 there were installed or under construction 
thirty-four cyclones in seventeen boilers in 
Germany and 107 cyclones in thirty-five boilers 
in the U.S.A., compared with four or five units 
now under construction in this country. Which 
of the two systems would ultimately become 
more popular was difficult to foresee, however, 
as this depended to a great extent on experience 
gained in boiler availability as determined by the 
behaviour of the mineral matter. 

Stationary fuel beds, the traditional form of 
using fuel, would be classified according as to 
whether they were “ overfed’’ (counter-move- 
ment of air and fuel) or “ under-fed ”’ (with fuel 
and air moving in the same direction), the two 
kinds of design having different practical limits 
of performance in terms of the rate of combustion 
in relation to the air supply. ‘“* Overfed ’’ beds 
were limited in output rate only by the amount 
of “ carry-over ’’ which could be tolerated, while 
“ underfed beds ’ showed a definite limit set by 
the rate at which ignition could be achieved. 
Studies of model beds, both in Britain and in 
the U.S.A., had provided data about the stages 
in the burning of coal, moisture conditioning, 
the effect of the constituents of flue gases on 
the primary air, radiation from the bed surface, 
and the effects of mineral matter. Most of this 
work had been done on the model of a travelling 
grate stoker, which is lit from the top and in 
which there is an initial zone where partial 
burning progresses downwards against the pri- 
mary air, causing devolatilisation and a second 
zone where the devolatilised fuel is oxidised from 
the bottom to carbon monoxide. 


THE MECHANISM OF COMBUSTION 


The speaker then drew attention to some 
chemical aspects of solid fuel combustion. With 
overfeed firing three stages could be distinguished: 
thermal decomposition: of green and partly 
carbonised fuel ; combustion of the distillation 
products, and combustion of the carbonised 
residue, yielding carbon monoxide. Simul- 
taneously there were important changes in the 
inorganic constituents of the two main classes 
of coal; that which decomposed to give mechani- 
cally weak and porous chars similar in size to the 
parent coal, was of greater interest for combus- 
tion practice, although owing to shortages and 
for other reasons, the second class—coking 
coals—had frequently to be used, in which 
initial swelling was followed by subsequent 
shrinkage and hardening. At high temperatures 
and with large lumps of coal, the thermal 
breakdown rate was mainly a function of the 
penetration of heat, coal being a good thermal 
insulator. For small particles and low tempera- 
tures, chemical factors strongly dependent upon 
temperature had been found to be paramount. 
The relative importance of the physical and 
chemical conditions had, however, not yet been 
studied under a sufficient variety of conditions. 

As to the combustion of volatiles, the two 
principal research problems were the conditions 
necessary to start combustion and the —— 
of the flames produced. One main difficulty 
here was to give an accurate description of the 
various fractions which constituted volatile 
matter. Most of our knowledge on the com- 
bustion of pure gases and liquids could not be 
successfully extrapolated to cover the technical 
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combustion of complex volatile material. Dr, 
Townend here referred to some studies made 
by B.C.U.R.A. in which the inflammability 
limits (per cent of fuel in air by volume) of coal 
tar fractions of a wide range of boiling points 
(130 deg. to 180 deg. Cent.) were found to be 
little affected by the boiling point. The ignition 
temperatures of freshly generated coal volatiles 
had been found by the hot wire method to be 
of the order of 750 deg. to 800 deg. Cent. Cata- 
lytic effects of the material of the wire were 
observed, and could be confirmed by a study of 
the effects of a commercial catalyst consisting 
mostly of platinum. 

Dr. Townend proceeded to describe some of 
the methods developed during the last fificen 
years for studying chemical combustion mecha- 
nisms, while eliminating troublesome secondary 
reactions and controlling the highly exothermic 
reactions involved. The general picture was that 
during the reaction of carbon and oxygen, large 
quantities of oxygen became fixed on the carbon 
surfaces as irreversibly held films. Finite quan- 
tities of carbon monoxide and carbon dioxide 
appeared to be formed on these surfaces at all 
temperatures, with carbon dioxide predominating 
at low temperatures and carbon monoxide at 
high temperatures. The mechanism could be 
affected by inhibitors such as halogen com- 
pounds, and by the catalytic action of certain 
inorganic salts found as impurities in the coal. 

The rate of solid fuel combustion was of great 
interest over an extended range of temperature, 
up to 1800 deg. Cent. or over, and was limited 
in practice by many factors besides the design of 
combustion plant. In the ignition range of 
temperature, the reaction speed was controlled 
by a chemical process and would, therefore, be 
expected to increase exponentially with tempera- 
ture, although the rate determining step was still 
unidentified. At higher temperatures—for an 
unreactive fuel such as high temperature coke, 
750 deg. to 800 deg. Cent. or over—burning 
was controlled by the maximum rate at which 
oxygen could reach the surface. Much research 
was still required concerning the accessibility of 
fuel surfaces to oxygen and the part played by 
different surface film complexes. 


PULVERISED FUEL RESEARCH 

Turning to investigations specifically con- 
cerned with pulverised fuel, Dr. Townend 
remarked that as the ratio of gas to particle 
volume was so much greater here than in fuel 
beds, the history of single fuel particles, and 
the behaviour of assemblies of such particles, 
were the two main divisions into which research 
in this field could be divided. 

Experimental difficulties had led to the frequent 
use in the laboratory of particles rather larger 
than the usual pulverised-fuel particles. Chiefly 
by means of high-speed photography, the follow- 
ing three stages had been distinguished: a 
preignition stage accompanied by changes in 
size and shape and loss of some volatile matter ; 
ignition and combustion of volatiles ; and com- 
bustion of the residual coke. Of much interest 
was the formation of ‘ cenospheres,” which 
were hollow particles of considerably greater 
volume than the parent particles, and were 
formed during the initial stages of burning from 
the bright components of coal but not from 
durain. At about 800 deg. Cent. the burning 
time of particles of 80-90 mesh was of the order 
of 5-10 milliseconds. Recent refinements in the 
photographic technique had permitted the map- 
ping of the temperature history of single particles. 

Minimum furnace temperatures for ignition 
varied by 200-300 deg. Cent., being lower with 
low rank fuel and highest with anthracite. 
Burning times of the residual particles had shown 
good agreement with the theory that mass trans- 
fer of oxygen (diffusion) was the controlling 
factor at the higher temperatures. 

Only a limited amount of semi-scale work had 
been carried out, such as the researches of 
Audibert, and of Sherman, who used furnaces 
rated at 100 Ib and 200 Ib per hour, respectively. 
Sherman had found that the amount of unburned 
carbon at first fell sharply with residence time 
and then more slowly ; that the rate increased 


- with the volatile content, and that the degree of 


combustion increased with furnace temperature. 
With a view to. anticipating the performance in 
water-tube boilers of coals having varying 
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sulphur and chlorine content, work was pro- 
ceeding at B.C.U.R.A. with two small pulverised 
coal furnaces, of 5 Ib and 10 Ib per hour capacity, 
respectively. Since full similarity could not be 
attained, conditions had been chosen so that 
residence time and flame and exit temperatures 
were of the same order as in large-scale plant, 
while gas velocities were much lower. 


WorkK AT [JMUIDEN 


Turning to the work carried out by the 
Jjmuiden establishment, Dr. Townend said he 
would first give a brief résumé of previous work 
and afterwards describe the forthcoming 
researches in relation to powdered coal. 

What had become known as the “ Ijmuiden 
approach”” was a compromise between tests 
carried out on full-scale industrial appliances— 
not an easy problem owing to the difficulty of 
ensuring uniform conditions, and the expensive 
instrumentation needed—and those employing 
small models where it was not possible to 
simulate at the same time the factors controlling 
combustion and those controlling heat transfer. 
It had to be emphasised that the complete project 
comprised not merely furnace tests, but also 
included theoretical studies and cold model 
experiments, and was supported by the advice 
and help of many outside experts representing 
the various committees which controlled the 
work as a whole. 

The speaker referred briefly to the history of 
the project from its beginnings in 1949, and the 
first full-scale trials of a furnace, constructed by 
the Royal Netherlands Steel Works, in December 
of that year. That furnace had been replaced 
in April, 1954, by a new one, which was now in 
operation for the study of oil and gas flames. 
Besides this furnace a second one for testing 
pulverised fuel flames had been constructed, 
which was the subject of the present inauguration. 

A wealth of data had been obtained with the 
oil and gas furnace, one of the main results being 
that the rate of mixing of the fuel with the com- 
bustion air was the principal controlling factor 
of the rate of burning and consequent heat 
release. This rate of mixing, in turn, in 
as a function of the momentum imparted at the 
burner. 

Heavy oil and pitch creosote flames, due to 
the presence of solid particles, had emissivities 
approaching unity and thus radiated nearly four 
times as much heat as, say, a flame using coke- 
oven gas at the same temperature. Radiation 
from coke-oven gas flames enriched by up to 15 
per cent of fuel oil increased in proportion to 
the amount of oil present, while up to 20 to 30 
per cent of the fuel of an oil or creosote flame 
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could be replaced by coke-oven gas without any 
loss of emissivity. 

These and other results suggested that it was 
easier, in the case of a flame of low luminosity, 
to increase the heat flow by raising the tempera- 
ture than by increasing the emissivity. Secondly, 
it was difficult to cause an appreciable drop in 
the total emissivity of a highly luminous flame of 
industrial dimensions, so that it was often 
possible to get a hotter luminous flame by 
increasing the burner momentum, without 
attendant loss of emissivity. 

The existing interplay of temperature and 
emissivity—non-luminous flames being usually 
hotter than luminous flames—made it apparent, 
however, that the dominant factor in heat transfer 
was the actual rate of liberation of heat, par- 
ticularly when reradiation, gas recirculation, and 
convective heat flow were taken into account. 

The installation this year of a preheater had 
enabled trials to be carried out with the com- 
bustion air heated up to 700 deg. Cent. Broadly 
speaking, it had been found that air preheating 
had no effect upon the emissivity ; fuel preheat- 
ing might, however, have a significant influence. 
It was hoped that the results would be extra- 
polated to cover existing furnaces by means of the 
simplified “‘ step-by-step’ mathematical model 
now being developed by Professor Thring. 
Mention should also be made of the broad 
experimental approaches of Professor Sarjant 
at Sheffield University and others. 

Work at Ijmuiden had indicated that an 
increase in the ‘stream/oil ratio associated with 
an increase in momentum, lead to decreased 
emissivity and consequent fall in radiant flux. 
On the other hand, in steel melting such increase 
appeared to enhance the melting rate. If the 
rate of heat release, reradiation and other 
factors, were taken into account, these con- 
flicting observations might, however, be recon- 
ciled. Trials had also been carried out to 
establish the influence of input variables on the 
development of combustion and the formation 
of carbon particles in the flame. 

While the investigations into gas and oil 
firing, including cold model mixing techniques, 
had Shown the importance of the mixing rate, 
the problems associated with pulverised fuel 
were more complex, and perhaps more interest- 
ing, for the rate of heat release there was doubt- 
lessly also dependent upon such factors as coal 
fineness, grade, amount of volatile matter, and 
the content and nature of mineral matter. A 
programme had been outlined to take these 
factors into account. 

In industry, pulverised fuel was used under a 
variety of conditions, but mainly for steam- 
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raising in water-tube boilers, and for cement 

i In the second case the air preheat was 
normally higher and the amount of excess air 
lower than in the first ; the walls of the cement 
furnace were hot, while in the boiler they were 
water cooled. Investigations at Ijmuiden were 
designed to explore the wide range of the 
variables, and while emphasis would be placed 
on the conditions relevant to the two processes 
mentioned, the programme would not be 
restricted to them if developments recommended 
a broader approach. 

To sum up, Dr. Townend said the objectives 
of the pulverised fuel research were fourfold— 
to secure a better understanding of the principles 
controlling combustion and heat release, with a 
view to furnishing basic design data ; to extend 
the knowledge of chemical reactions and rate- 
determining processes, particularly in relation 
to fuel particles in suspension; to help the 
Operational engineer and designer to predict 
the effects of changes in operating conditions, 
and to develop instruments and techniques, 
especially in connection with sizing and grinding 
of fuel, and the examination of particles in 
pulverised fuel flames. 


FURNACE EXPERIMENTS 


Earlier in the proceedings, Professor G. M. 
Rimbaud, president of the International Flame 
Research Committee, had described the trials 
carried out at Ijmuiden between 1949 and 1955, 
which he said had been of two kinds. In the 
** performance trials ’’ overall measurements were 
taken of flame size and radiation at a number of 
points so as to estimate the heat transfer to the 
walls and to the load. Seven series of such tests 
had been carried out, each trial lasting from 
two to three weeks, two liquid fuels (heavy fuel 
oil and pitch creosote) were used, and also pure 
coke oven gas, and carbonate with various 
percentages of tar products. 

In the second kind of test, the “‘ combustion 
mechanism trials,’ a detailed study was made of 
velocity, chemical composition, carbon content 
and local radiation, with the object of finding 
relationships which would allow the performance 
to be extrapolated to full scale. The important 
factor controlling size and radiation was found 
to be the mixing history of the fuel with the 
surrounding combustion air. High-speed cinema- 
tography showed the occurrence of “ recircula- 
tion” of incandescent fuel particles projected 
outside the flame. The complexity of the mixing 
process, intractable by mathematics, was studied 
on cold models, either by making visible the gas 
stream or by careful analysis of injected gas 
(carbon dioxide) in the various layers of the jet. 
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Fig. 1—Test furnace No. 2 for pulverised fuel 
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Fig. 2—Pulverised fuel furnace from burner end, showing observation slots and vertically adjustable 
instrument beam. Above the furnace are the counterweights for water-cooled tubes which may be in- 
serted to supply load 


Agreement with actual flame results to within 
+15 per cent was obtained ; the discrepancy 
was being further investigated. 

Apart from the mixing process, the reaction 
velocity had been found to depend on such 
factors as local temperature and the chemical 
composition of the zone immediately preceding 
the point in question, the latter being very 
complex. Nevertheless, using also the results 
of laboratory studies concerning the influence 
of temperature, and of various gases such as 
air, CO, and H,O, on the cracking of hydro- 
carbon particles, it had been found possible to 
establish some general relations of a relatively 
simple character which determined the amount 
of free carbon at a given point, as a function of 
the time taken for the fuel to reach this point 
from the burner, and of its carbon content. 
This had enabled fuels to be classified quantita- 
tively as to their ability to produce carbon 
particles in various kinds of flame. 

Studies of convective heat transfer had been 
particularly concerned with the question of the 
existence and importance of a phenomenon 
called “ convection vive,” that is to say convec- 
tion by incompletely burned flames where 
the reaction might go to completion at points 
at which the flow was slowed down by obstacles, 
thereby producing increased heat transfer in 
those places. So far, however, no evidence had 
been found which would call for this particular 
explanation. 


THE DJMUIDEN RESEARCH STATION 


The installation at Ijmuiden is housed in a 
single-storey building measuring 20m by 24m. 
It consists of the two test furnaces to which 
reference has been made, which are installed 
in the main bay. Near the chimney end of the 
building is the gas analysis room, while at the 
opposite end are housed the pumping equipment, 
instrumentation and controls, and the stores. 
In an adjoining section built on two floors is 
the pulverised coal preparation plant, consisting 
of storage bunker, pulverising mills and auto- 
matic weighing equipment. 

Next to the coal preparation plant stands the 
combustion air preheater, and outside the 
building facing the instrument room are the fuel 
storage tanks. The building is served by a road 
and has its own railway siding. 


FURNACE PLANT 


The two furnaces are broadly similar in 
construction, the new No. 2 furnace for pul- 
verised fuel being shown in our illustration, 
Fig. 1. The furnace has an internal cross-section 
of 1-5m by 1-5m and a length of 10m (compared 


with the No. 1 furnace, which measures 2m by 
2m by 6-3m). 

The furnace (Fig. 2) is constructed with a wall 
thickness of one-and-a-half bricks as follows : 
one brick (23cm) is of high quality (hot face) 
material with a special coating against ash 
attack. It is backed by a half-brick of ordinary 
insulation quality. The floor slopes to one side 
and small doors are provided in order to facilitate 
ash removal. As the particular difficulties in 
removing loose or solidified ash are unknown 
beforehand, the design has been made flexible 
so as to allow such problems to be tackled as 
they arise. Doors and slots are arranged as 
shown in the illustration, in a similar way to that 
adopted previously. 

The average load of the furnace is of the order 
of 250kg of coal per hour. By means of water 
cooled pipes introduced through holes in the 
roof, the thermal load can be varied between 
20 and 70 per cent of the input. Oil-burners have 
been installed for heating-up purposes. 

In order to obtain steady conditions quickly 


Fig. 3—Observation doors and ash removal doors 
of pulverised fuel furnace 
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and to be able to measure heat losses throuvh the 
floor, the furnace rests off the ground on q 
number of rolled steel sections. The exit js 
constructed in the form of a venturi-shaped’ 
waste-gas tunnel with the intention of Promoting 
the mixing before waste gas samples are taken 
for measurements of temperature and com. 
position. In addition, the venturi allows the 
waste gas volume to be determined and enubles q 
check to be made upon the waste gas analyses 
A furnace pressure damper control is Provided, 
consisting of two refractory plates sliding yer. 
tically in opposite directions, an arranyzement 
which keeps the flow in the venturi symmetrical, 

In the side walls of the furnace verticaj 
observation slots (Fig. 3) have been provided, 
which face each other in pairs. In order io give 
sufficient stability to the wall these slots are 
interrupted by bridges or replaced by holes jp 
those places where flame characteristics can be 
expected not to have steep gradients. The 
refractory around these openings is in the form of 
special high-quality shapes. 

As in the case of No. 1 furnace, a horizontal 
beam (shown in Fig. 2) has been installed along. 
side one wall of the furnace. On it are mounted 
all the pyrometers, together with their supplies of 
water, clean air and wiring. This can be 
raised up or down by means of two long screwed 
spindles, which are mechanically coupled. The 
water-cooled doors are counterbalanced and 
interlocked with the beam so that the pyrometers 
are always in line with the doors. Reasonable 
air tightness is achieved by sliding the doors along 
two water-cooled tubes on the side of every slot, 
On the opposite furnace wall fixed doors have 
been provided to cover the slots. These have 
square holes covered with water-cooled flaps and 
are intended for the insertion of water-cooled 
probes. 

(To be continued) 





Strainer for Heavy Slurries and 
Viscous Materials 


WE illustrate below an improved model of the 
standard separator made by Russell Construc- 
tions, Ltd., 8, Adam Street, London, W.C.2, 
and used in industry for straining heavy slurries 
and viscous materials through very fine meshes. 
These separators are about S5ft 7in long by 
2ft 9in wide, and their screens are actuated by 
controlled gyratory vibration. Their output 
capacities vary from 1000 to 15,000 gallons an 
hour, according to the material being processed. 

In the new model, known as the “‘ Streamline,” 
this capacity has been almost doubled by a 
rearrangement of the porting to increase the 
operative screen area by some 23 per cent. This 


Improved strainer for slurries and viscous materials 


increase in capacity has only necessitated a slight 
increase in the width of the machine as com- 
pared with that of the standard model. 

The screening unit is mounted in a heavy 
box-section frame, designed to prevent any 
gyratory effects being transmitted to the static 
part of the machine. The frame is panelled with 
polished aluminium sheet, and the drive to the 
mechanism is completely enclosed. If required, 
mechanical brushing gear can be fitted for use 
where large amounts of heavy reject material 
have to be dealt with. To facilitate maintenance 
all the greasing nipples are grouped on a small 
panel at the side of the machine. 
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Vletallurgy of Nuclear Power 
Production 


By A. B. McINTOSH, B.Sc., Ph.D.* 


This is a reprint of a paper read before the West 
of Scotland Iron and Steel Institute last Friday, 
November 18th. In the transition from orthodox 
to nuclear power production the major change, the 
author points out, is the substitution of uranium 
or plutonium as a fuel. Metallurgical problems 
introduced in the preparation and irradiation of 
the fuel are discussed. The principles of protection 
of the fuel in fuel elements and the limitations 
imposed by interaction of fuel, container and 
coolant are described and illustrated by reference 
to reactors cooled by liquid metals, carbon 
dioxide, helium and. hydrogen. Tables give the 


- properties of uranium, thorium and metals suitable 


as container materials in the coolants discussed. 


INTRODUCTION 


WORLDWIDE interest has been aroused in 
nuclear power production and in each major 
country urgent investigations are proceeding to 
achieve the most advanced designs of nuclear 
reactors. This is a field in which new usages 
of even the most common metals are being 
developed, imposing standards hitherto neither 
required nor specified. Even with the com- 
monest materials such as mild steel, aluminium, 
stainless steel and magnesium, large programmes 
of investigation are necessary before the per- 
formance of these materials can be guaranteed 
in the new circumstances. The requirements of 
the newer designs of nuclear reactor are straining 
the resources of the metallurgical world. Pro- 
gress in metallurgical development can hardly 
proceed fast enough to keep pace. 

In the transition from orthodox power pro- 
duction to nuclear power production the major 
change is the substitution of an atomic furnace 
for the normal coal-fired boiler. In the Calder 
Hall reactors this furnace is constructed of 2in 
mild steel plate fabricated into a cylinder almost 
40ft in diameter and over 7O0ft in height, with 
domed ends from which large gas ducts lead off. 
The service temperature in the shell is expected 
to be in excess of 350 deg. Cent. If safeguards 
are to be taken against difficulties of site welding 
and erection a fine-grained aluminium-killed 
steel would be chosen for the shell of this furnace 
which is to hold pressurised carbon dioxide. 
Even with the use of a tough fine-grained steel it 
is desirable to reduce the welding and assembly 
stresses by a full sub-critical stress relief on site. 
With a vessel of such dimensions this has intro- 
duced novel techniques. The development, 
bound to be suggested for further installations, 
will be to increase the temperature and increase 
the pressure of the gas. This leads to thicker 
plates to work at higher stresses and higher 
temperatures. Immediately we find ourselves in 
a field where there is no existing information. 
No creep data is at present available to assist the 
design of such vessels using a notch-tough steel 
at temperatures around 400 deg. Cent. At the 
same time fabrication techniques will require 
reassessment because of the difficulties of site 
welding and inspection in such large thi¢knesses. 
The way out will lead first to the development of 
low-alloy steels for such applications together 
with advances in vessel construction, but many 
factors must remain unknown until there is an 
accumulation of experience. At the present 
moment it is not known what effect irradiation 
will have on the temperature of transition from 
the tough to the brittle state, and for this reason 
it has been considered wise always to have this as 
low as possible in the absence of irradiation. In 
the development of gas-cooled reactors much 
will depend on the advances in pressure shell 
construction. 

Liquid cooling presents an alternative to gas 
cooling and is particularly attractive when the 
liquid does not require pressurising and is one 
for which the choice of engineering materials 
would be relatively simple and based on the appli- 
cation of metallurgical principles. 

The present reactors proposed for the first 
phase of the nuclear power programme are 
cooled by a gas, carbon dioxide. At the same 
time experimental reactors are being built in the 
North of Scotland from which it is hoped that 
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future designs will develop, and in them liquid 
metal cooling is likely. In this paper it is pro- 
posed to concentrate on the considerations affect- 
ing the fuel elements of the reactor because in this 
field there are interesting applications of metal- 
lurgical principles. These have led to the 
selection of some rare metals and to their extrac- 
tion and production in the ductile state for the 
first time. 

The selection of a particular set of physical 
parameters for a proposed reactor depends ulti- 
mately upon its purpose, whether it is intended 
to produce power, or plutonium, or both. The 
size and operating conditions of a nuclear reactor 
can vary over extremely wide limits ; it can be 
as small as a football or as big as a factory ; 
it can work at the temperature of liquid air or 
of white heat. The power level may be in 
milliwatts or in megawatts and the pressure may 
be sub-atmospheric or hundreds of atmospheres. 
Only when the function has been clearly defined 
can the vital constructional problems be analysed. 
Such problems fall into three main classes— 
first, the type of reactor, secondly, the material 
to be used, and thirdly, the physical conditions 
of operation. The type of reactor is determined 
by the neutron energies employed and this, in 
turn, by the fissile material available. 
neutron energies may be “fast” or “slow.” 
A fast reactor is normally smaller and more 
highly enriched than its thermal counterpart, 
neutron and heat fluxes are higher, and the ratio 
of fuel created to fuel consumed, that is, the 
gain factor, is higher, being in some instances 
greater than unity. The thermal reactor, how- 
ever, offers the prospect of utilising natural 
uranium to produce power. 


THE FUEL 


The fissile material may be either the 235 
isotope of uranium, which is the primary fissile 
material, plutonium or uranium 233. Plutonium 
is produced by neutron absorption and beta 
decay in uranium 238 and uranium 233 by the 
same process from thorium 232. To maintain a 
chain reaction, any reactor must Contain at least 
the “ critical” amount of one or other of these 
fissile materials, and according to the neutron 
energies employed and the type of fissile isotope, 
a number of different systems of breeder or 
power producer may be devised. 

The physical conditions of operation, such as 
the temperatures, pressures, dimensions, masses, 
&c., are closely linked to the method of heat 
extraction. A homogeneous reactor in which the 
core consists of a single mass of fuel material 
which acts also as a heat transfer agent is exempli- 
fied by liquid metal fuel reactors in which the 
fuel is pumped round a circuit, generating heat 
in the core, and dissipating it direct to a heat 
exchanger. In a heterogeneous reactor, which 
is at present the commoner design, the fuel is 
disposed on a lattice and cooled by a circulating 
fluid which may be liquid or gaseous. 

Efficient conversion of heat to power requires 
the presentation of heat to the electrical generat- 
ing plant at a high temperature. Reductions in 
power costs are to be expected if the fuel can be 
irradiated for long periods at high temperatures 
and high neutron fluxes. Dimensional and other 
changes in the fuel element, however, limit the 
temperatures which the reactor may safely attain 
and the length of time for which it may be 
irradiated. To a large extent progress in reducing 
the costs of nuclear power will depend upon the 
development of materials for use both as fuel 
and structural components capable of with- 
standing increasingly severe conditions of stress, 
temperature, corrosion and neutron flux. 


THE FUEL ELEMENT 


The fuel element may vary from a mass of 
fissile material constituting the entire core of a 
homogeneous reactor to a bar of uranium repre- 
senting a small fraction of the fuel lattice. Its 
functions in each instance are to allow the steady 
production and dissipation of heat at a suitable 
temperature whilst suffering only minor changes 
in shape, dimensions and orientation. Only such 
changes in composition as must occur during 
fuel burn-up and consequent fission product 
accumulation can be tolerated. 

Fuel materials are extremely reactive chemi- 
cally, so that the first essential is to provide some 
container or can which will not react with the 


759 





fuel and which will protect it where necessary 
from corrosion by the coolant. Uranium, partly 
because of its anisotropy, is unreliable at high 
temperatures for a load-bearing member, as the 
likelihood of changes in shape and dimensions 


during irradiation is in Thus, the 
container may be called upon to support the 
element and accommodate physical changes in 
the fuel itself and at the same time take a major 
part of the structural load. To ensure that in 
the absence of good thermal contact between 
fuel and can, temperature gradients within the 
element are reduced to a minimum, a heat 
transfer medium may be necessary. 

Extraction of the Fuel_—Any material contain- 
ing a concentration of fissionable isotope sufficient 
to maintain a chain reaction may be used as a 
fuel, whether it be solid, liquid or gas. To date, 
most reactors have used solid fuels based on 
fissile isotopes of uranium or plutonium or their 
alloys, mixed with “ fertile”? material, that is, 
isotopes such as thorium 232 and uranium 238 
which, under irradiation will breed further fissile 
material. The fissile isotope need not be in the 
elementary state and refractory compounds may 
be used. 


Uranium, the basic fuel material for all 
reactors, occurs naturally as a mixture of three 
main isotopes, U2z3.—99-28 per cent, Us3;;—0-7 
per cent, and U,,,—0-0006 per cent. Thorium 
occurs extensively in monazite sands, and plu- 
tonium is produced artificially by the irradiation 
of uranium 238. The uranium, which is required 
in a highly purified form, exists in the ore 
essentially as U;O,. The sensitivity of thermal 
reactors to neutron-absorbing substances is such 
that they must be removed from the fuel to an 
extent never before specified in an industrial 
process. For example, boron has such a high 
capture cross-section that concentrations as 
small as one part per million cannot be tolerated. 
Since no refining has yet been carried out at the 
reduction stage or later, purification must be 
achieved before reduction. The processes avail- 
able for purification include the typical treat- 
ments of mineral dressing, followed by one or 
more of the chemical engineering processes of 
distillation, solvent extraction, ion exchange 
concentration and recrystallisation. The product, 
uranyl nitrate, is finally purified by extraction 
with ether, then precipitated as ammonium 
diuranate which may be converted to an oxide 
or fluorinated to yield uranium tetrafluoride. 
The pure compound thus obtained may be 
reduced to metal by first, reduction of uranium 
oxides (UO,, UO;) with aluminium, calcium and 
magnesium, secondly, reduction of uranium 
tetrafluoride by alkali or alkaline earth, metals, 
or thirdly, electrolysis of uranium halides. The 
metal so obtained is remelted and cast into con- 
ventional ingots. Problems arising owing to the 
extreme reactivity of the metal with the atmo- 
sphere and most ceramic materials, necessitate 
the development on a production scale of special 
refractories and vacuum casting techniques. 

For thorium extraction the presence of the 
rare earths which are chemically similar to 
thorium makes the ores difficult to treat, but a 
pure thorium salt may be obtained by processes 
similar to those mentioned in the purification of 
uranium. The compounds are reduced to the 
metal by similar techniques but the greater 
stability of thorium compounds limits the choice 
of reducing agents to calcium and some rare 
earths. Small quantities of high purity metal 
have been prepared by thermal decomposition 
of thorium tetraiodide on a heated filament 
inside a sealed tube. The higher melting point 
of thorium makes the refractories problem even 
more difficult than for uranium. 

Plutonium is produced artificially by irradia- 
tion of uranium 238. Separation from uranium 
involves a series of solvent extraction processes 
under remote control. Reduction methods are 
similar to those used for uranium and thorium. 

Properties of Fuels—Uranium, one of the 
heaviest elements, has a complex crystal structure 
(Table I). It has a comparatively low melting 
point, 1130 deg. Cent., and although the mecha- 
nical properties are reasonably good at low 
temperatures, they fall rapidly as the temperature 
rises. Also, these properties vary markedly 
according to the method of production and 
fabrication. Chemically, it is extremely reactive 
and oxidises rapidly in air, steam or carbon 
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dioxide at temperatures of about 300 deg. Cent. 
At higher temperatures, it will react with nitrogen. 
With hydrogen it forms a trihydride which begins 
to decompose at about 350 deg. Cent. 

The physical properties of thorium are gener- 
ally superior to those of uranium (Table II). 
The accepted melting point is in the range 
1600 deg.-1700 deg. Cent., and a phase change 
at 1400 deg. Cent. from face-centred cubic to 
body-centred cubic has been reported. Internal 
stresses on heating and cooling are likely to be 
less complex than those with uranium because 
the metal is isotropic, while the absence of phase 
transitions below 1000 deg. Cent. avoids com- 
plications resulting from abrupt changes in 
volume on transformation. The tensile strength 
of thorium is low at room temperature but 
diminishes less rapidly with temperature than 
that of uranium. The low Young’s modulus 
suggests that the metal may accommodate a 
large amount of strain elastically, which will be 
of value under conditions of thermal stress and 
fission product concentration. It corrodes 
rapidly in air and water even at low temperatures 
and forms compounds on heating in nitrogen, 
hydrogen and carbon dioxide. 

Plutonium has a low melting point, 640 deg. 
Cent., and is unusual in that it exhibits at least 
five allotropic structures between this and room 
temperature. The chemical activity of plutonium 
is greater than that of uranium, and its toxicity 
considerably worse. 

Alloying Characteristics—Uranium might be 
expected to form extensive solid solutions with a 
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number of metals (Fig. 1). In fact, the formation 
of intermetallic compounds is favoured in pre- 
ference to solutions, as can be seen in Fig. 2. 
A number of types of constitutional diagrams 
has been encountered. Extensive solubility at 
elevated temperatures is shown in the systems 
with titanium, zirconium, niobium and molyb- 
denum. A simple eutectic system with limited 
solid solution is shown in the systems uranium- 
vanadium and uranium-chromium. Systems 
showing several compounds are exhibited with 
nickel and with alumin- 
ium, gold, beryllium, 
bismuth, cobalt, copper, 
iron, lead, manganese, 
mercury, silicon and tin. 
Most of these systems 
contain a relatively low 
melting point eutectic. 
Tantalum and tungsten 
form peritectic systems 
while thorium forms a 
monotectic. 

Thorium forms inter- 
metalliccompounds with 
many other elements. 
Known data suggest that 
alloy systems contain- 
ing thorium show more 
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sintering, have been applied successfully: to the 
metal, and densities approaching the theoretical 
obtained in sintered products. 

Thorium is easily worked either hot or cold 
and is so ductile that large reductions are per. 
missible between intermediate anneals. The 
metal has been swaged, forged, rolled, extrided 
and drawn to produce rods, sheets, thin willed 
tubes, fine wire and thin foil. It must be heated 
in a protective atmosphere or salt bath. 

Welding of thorium has been only partly 
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have lower melting 
points. The possibil- 
ity of obtaining a suit- 
able liquid fuel should 
be greater if plutonium 
is used instead of 
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In general uranium can 
be forged, rolled, swaged 
or drawn into any 
number of shapes including plates, rods, tubes, 
wires and thin foil. One problem in its fabrica- 
tion is its chemical reactivity, which makes an 
inert atmosphere desirable, although hot rolling 
has been carried out successfully in air. Machin- 
ing of the metal is difficult because it work- 
hardens rapidly. Cooling fluids are required 
to prevent spontaneous ignition of metal turnings. 
Welding requiring a completely inert atmosphere 
is troublesome to carry out. Powder metal- 
lurgical techniques, involving hot pressing and 
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Fig. 1—Elements capable of forming extensive solid solutions with uranium 


Fig. 2—Intermetallic compounds of uranium 


successful. Small amounts of impurities such 
as oxygen, chlorine and, perhaps, sulphur, 
seem to increase the reactivity of the metal. Its 
machining is similar to mild steel and coolants 
are desirable but not essential. 

Fuel may be used in the form of cylinders, 
prisms, sheet or tubes. Uranium and thorium 
may be obtained by casting, rolling or drawing 
in such forms without particular difficulty. 
Enriched material is extremely valuable and 
wastage during processing must be avoided 
absolutely. For this reason precision casting 
or powder metallurgical techniques must 
be designed in which fuel shapes are produced 
in their finished form. For U—Ug3;, U—Pu 
systems, neither method holds a_ decisive 
advantage over the other. Because of the 
immiscibility of U—Th alloys powder metal- 
lurgy techniques are likely to be preferred in 
their production. 

Alloy Fuels.—In any reactor the fuel element is 
subjected to a complex system of stresses, which 
is the combined effect of temperature gradients 
and phase changes in the fuel together with 
irradiation damage and fission product accumu- 
lation. In the accommodation of these stresses 
the anisotropic lattice of uranium tends to give 
non-uniform distortion which may at moderately 
high temperatures lead to rupture. Alloying 
provides the most straightforward solution to 
the problem and four types of solid alloys may be 
employed. First, dilute alloys can be used con- 
taining fissile material “ carried ” by an iso- 
tropic metal. Thus thorium, which is isotropic, 
could be substituted for the 238 isotove of 
“ natural ” uranium, in which event “ breeding ” 
is not impaired, Alternatively, without breed- 
ing, the fissile element could be disseminated in a 
matrix of some inert carrier absorbing few 
neutrons, such as aluminium, beryllium, mag- 
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nesium and zirconium. Secondly, there are dilute 
alloys in which the uranium is strengthened by 
the presence of foreign atoms such as chromium, 
molybdenum or silicon, in solution. Thirdly, 
two-phase alloys can be produced in which the 
concentration of the alloying elements is in- 
creased to produce fine particles of a second 
phase. These have a fine-grained, randomly 
orientated structure, which will diminish the 
influence of the anisotropy of uranium. Fourthly, 
further increase in specific alloying elements, 
such as molybdenum or niobium, stabilises at 
low temperatures the isotropic body-centred 
cubic y-phase solid solution. In this y-phase, 
strains may be accommodated elastically or 
plastically without the generation of high stress. 
This is important in fuel elements where the 
fission product concentration becomes appreci- 
able. The generation of fission products is 
accompanied by an increase in volume. Intense 
local strains arise which may disrupt the fuel 
unless the lattice is made sufficiently plastic to 
accommodate them without rupture or is rein- 
forced to withstand the high stresses. Both these 
aims may be achieved to some degree by alloying, 
but at high fuel burn-ups conditions may 
deteriorate to such an extent that only major 
changes in the physical state of the fuel will 
suffice. This leads to the development of liquid 
fuels or to the use of refractory uranium com- 
pounds of high strength. 

Liquid Metal Fuels—The advantages of a 
liquid fuel are that it is subjected to the mildest 
stresses only. The temperature gradients within 
the fuel are reduced and escape of fission pro- 
ducts, particularly gases, facilitated. For the 
greatest advantage the melting point of the fuel 
should be below the temperature at which the 
coolant enters the reactor. Liquid fuels con- 
taining uranium could be based on the higher 
order eutectics with manganese, iron and nickel 
but the solidus temperature is not likely to be 
reduced to the low level required. In view of 
the low melting point of plutonium suitable 
alloys may contain that metal rather than 
uranium,: but additionally uranium systems 
containing lead, bismuth and tin offer the possi- 
bility of slurries or suspensions in which inter- 
metallic compounds are in equilibrium with 
dilute solutions liquid at the low temperatures. 
The uranium in solution is constantly replenished 
by further solution from solid particles. 

Combined Fuels (Solid).—Unfortunately, low 
melting points or low thermal conductivities or 
both, restrict the use of the well-known fluoride 
or oxide compounds as solid fuels and as yet 
little is known of the physical properties of 
refractory uranium compounds such as carbides, 
silicides or borides. A recent development is the 
production of “ cermets,” in which the inter- 
stices of a ceramic framework are filled by some 
metal, which may assist bonding. Thus a 
uranium compound cermet may be devised 
which possesses the necessary rigidity to resist 
irradiation damage, plus the robustness and 
thermal conductivity desirable in a fuel material. 

Combined Fuels (Liquid).—In the same way as 
metallic fuels show advantages in the liquid state, 
so liquid compounds may be superior to solid. 
The most likely possibilities are the halides and 
double halides of uranium, though thorium and 
plutonium salts may also have attractions. 
_One objection to all concentrated alloys, 
liquids and compounds is that the number of 
uranium atoms in a given volume is so reduced as 
to require either additional enrichment or a 
larger reactor. 


CANNING MATERIALS 


As uranium and thorium are neither corrosion 
resistant nor very strong, they must be enclosed 
within anothet metal for protection and support. 
The stresses to which this container, or can, is 
subjected may be high, particularly in reactors 
cooled by liquid metals. In addition, therefore, 
to normal requirements of adequate strength, 
ease of fabrication and thermal stability, special 
properties, dependent on the type of. reactor, are 
necessary. Generally, the two most important 
Properties are neutron absorption cross-section 
and compatibility. Neutron absorption cross- 
section is most important in thermal reactors, 
Since it affects the neutron economy and uranium 
investment. The thermal neutron capture cross- 
sections for the elements differ markedly. In 





THE ENGINEER 


fast. reactors the restriction. of small neutron 
absorption is less important and must be 
balanced against the need for a metal which can 
be operated at as high a temperature as possible. 

To be compatible the canning material must 
not react with the fuel, the coolant nor the 
moderator—if present—over a range of tempera- 
ture beyond that rated for the reactor. To.a 
large extent compatibility constitutes the main 
criterion for a metal as a can and finally decides 
the highest temperature at which a particular 
design of reactor can be operated. The com- 
patibility of a container material depends first 
on the mutual solubilities of the container metal 
with the fuel, coolant and moderator. Solu- 
bilities need not be large to give rise to dissolution 
of a can into a liquid metal coolant, absorption 
of the can into the fuel, or general deterioration 
of the mechanical and physical properties of the 
can. These can be estimated from the appro- 
priate equilibrium diagram although application 
of Hume-Rothery rules will give some guidance 
on whether or not solubility is probable in metal 
systems not available. 

Metals forming low melting point compounds 
or eutectics with the fuel or coolant are unsuit- 
able as container materials. Information is best 
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may be tolerated if the reactants can be kept 
apart, for example, by the use of artificial pro- 
tective layers. 


Liguip METAL COOLED REACTORS 


Although liquid metal cooled thermal reactors 
are feasible and have many attractions, the main 
application of such coolants so far is in fact 
fission reactors, which are normally smaller and 
run at a higher temperature than their thermal 
counterparts. It is desirable that the coolant 
should run at as high a temperature as possible. 
As the temperature of a fuel element may be 
high, the can must be designed to support the 
fuel and to resist the attack of fuel and coolant 
at temperatures up to, say, the melting point of 
uranium. 

Choice of Coolant.—The coolant must be 
selected on the basis of nuclear, thermal and fluid 
properties. For example, the neutron absorption 
cross-section must be small, the moderating 
ratio high and induced activity low ; good heat 
transfer properties should be allied to low 
pumping power costs ; the melting point should 
be low, preferably below room temperature to’ 
facilitate handling, while the boiling point should 
be high. On this basis, gallium, lithium, sodium 
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Fig. 3—Elements capable of forming extensive solutions with sodium and potassium 


obtained from equilibrium diagrams, but the 
known behaviour of elements in the same sub- 
group of the periodic table is also a guide. 

The container may develop a surface film, 
either an oxide or an intermetallic compound, 
which prevents solution or further reaction. It 
is clear that, in order to protect the container 
metal satisfactorily, such a film must be thermo- 
dynamically stable in the presence of the fuel 
and coolant, coherent and adherent, and imper- 
meable jo metal and gaseous ions. The presence 
of impurities in the coolant may affect the 
compatibility of the container. First, the con- 
tainer material may reduce the impurity, becom- 
ing itself oxidised. Should this oxide layer flake, 
corrosion and erosion will result. Secondly, an 
impurity may reduce any protective oxide 
normally present on the metal, thus rendering 
it liable to corrosion by the coolant. Thirdly, 
the impurity may react with the container material 
producing complex compounds. Undesirable 
impurities include oxides in liquid metal coolants, 
hydrogen and sulphur-bearing compounds in 
gaseous coolants. 

Grain boundary diffusion by a liquid metal 
may lead to intergranular attack or even, with 
stress, to fracture of the container. Diffusion 
through the can may not be dangerous if the 
fuel is inert to the coolant but if compounds are 
formed with uranium through the diffusion of 
oxygen, nitrogen or especially hydrogen, the 
consequences may be serious. Diffusion can 
occur even when the solubility of the coolant in 
the container metal is low. 

Although ideal compatibility implies total 
absence of reaction some departure from this 


or potassium offer possibilities as a coolant. 
On the ground of compatibility with other metals 
the balance is tilted strongly in favour of sodium, 
potassium or some alloy of the two which is 
liquid at room temperature. The same prin- 
ciples apply to all types of liquid metal coolant 
but in what follows it will be assumed that the 
coolant is sodium or potassium or an alloy of 
these. 

Selection of Container Material.—No elements 
of structural importance are found to be mutually 
soluble with the solid alkali metals, and only 
zirconium shows slight solubility in the liquid 
metal, Fig. 3. A study of the intermetallic com- 
pounds formed with sodium and potassium shows 
that many of the metals in the “ B ’’ sub-groups 
must be rejected. Thermodynamic data indicates 
that the oxides of metals such as chromium, 
niobium, tantalum, titanium, vanadium, ir- 
conium and beryllium will be stable in the 
presence of liquid metal and may be protective. 
The tendency for beryllium in particular to reduce 
oxide impurities in the liquid metal is so great, 
however, that in a swiftly circulating coolant, 
that metal may prove to be incompatible with 
sodium and potassium. The possibility of inter- 
granular attack by the liquid metal on other 
elements in the presence and absence of stress 
must be determined experimentally, as must the 
effects of mass transfer. 

The choice of canning material most frequently 
turns upon the compatibility with uranium. For 
ideal compatibility the canning material will be 
completely immiscible with the fuel both in the 
liquid and solid states and have a melting point 
far in excess of that of uranium. Unfortunately 
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no such system is known, and the best choice 
will be made from metals with a high melting 
point forming a system with uranium where the 
liquidus rises sharply with small additions of the 
canning material. With this type of equilibrium 
diagram quite extensive solubility of the canning 
material in the fuel can be tolerated provided 
rate of diffusion is low at reactor steady state 
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compatibility with thorium is not thought to differ 
much from that with uranium in the canning 
materials selected, but in view of the low melting 
point of plutonium, the susceptibility to attack of 
materials in contact with that metal is likely to 
be increased. The further point must be made 
that if the reactor temperature is reduced to such 
an extent that the can temperature is in no danger 
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replace aluminium and magnesium in the order 
of merit as the temperature rises. It can also be 
seen that beryllium and zirconium maintain a 
big advantage over the remaining metals. 1 hus, 
the most feasible materials can be clas. ified 
according to absorption index as :— 

(1). Beryllium, extremely good at all tem; era. 
tures. 


TABLE I1I—Survey of Possible Canning Materials for Liquid-Metal-Cooled Reactors 
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temperatures. Elements which form eutectics 
with uranium may be suitable where the eutectic 
temperature is close to the melting point of 
uranium and where additions of the alloying 
element beyond the eutectic composition cause 
rapid rise of thé liquidus. 

The field of choice after these conditions have 
been applied is shown in Fig. 4. Metals known 
to conform to the restrictions imposed include 
tantalum, tungsten, titanium, zirconium and 
molybdenum. All these elements are in the sub- 
groups IVa and VIa. The other metals in these 
sub-groups are vanadium, chromium, niobium 
and hafnium. Of these vanadium and chromium 
are known to form simple eutectic systems melt- 
ing at ~ 1000 deg. and 900 deg. Cent. respec- 
tively. The uranium-niobium system has not 
yet been fully established. The strong similarity 
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Fig. 4—Selection of suitable canning materials for a 
fast reactor 


in the crystal structure and chemical behaviour 
of nicbium and tantalum suggest that these 
metals might show comparable compatibility 
characteristics, and this prediction has been con- 
firmed by experiment. Hafnium, although likely 
to show excellent resistance to uranium, is not 
available in sufficient quantities to justify con- 
sideration. Scandium, yttrium and rhenium 
likewise are sufficiently rare to be excluded as 
practical possibilities. 

The position may have to be reassessed if fuels 
containing appreciable amounts of thorium or 
plutonium are used. At the moment, however, 


of approaching 700 deg. Cent. under any con- 
ditions, the field of choice is widened to include 
vanadium, and the valuable groups of con- 
structional materials, such as stainless steels and 
nimonics, based on iron, nickel and chromium. 

Properties of Canning Materials.—The choice of 
canning materials is already limited, but further 
sorting may be carried out on the basis of ease 
of fabrication and physical and mechanical 
properties. The more important properties of 
canning materials for a fast reactor are sum- 
marised in Table III. 


Gas-COOLED THERMAL REACTORS 


Feasible coolant gases for thermal reactors 
are carbon dioxide, hydrogen and helium. Other 
gases may be rejected due to high capture cross- 
section, poor heat transfer properties or high 
pumping costs, or instability under irradiation. 

Selection of Container Materials.—Thermal 
reactors may be expected to work at moderate 
temperatures up to 600 deg. to 700 deg. Cent., 
so that compatibility of the container with 
uranium is no longer the principal factor in the 
choice of canning materials. The primary con- 
sideration when the number of metals to choose 
from is large is neutron capture cross-section, 
Fig. 6. On this basis the choice of canning 
material is best limited to beryllium, magnesium, 
zirconium and aluminium in descending order 
of merit. If, however, the strength of the material 
at the reactor temperatures is considered, the 
range of useful metals is extended, Fig. 5. This 
parameter, known as the absorption index, indi- 
cates the number of neutrons absorbed by a 
quantity of material sufficient to sustain a stress 
of 1 ton per square inch, so by reducing the 
thickness of the can to a value consistent with 
the stresses to be expected, it is seen that first 
niobium, then molybdenum and stainless steel 
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(2) Zirconium, good at low temperatures, very 
good at high temperatures. 

(3) Magnesium and aluminium, good and 
moderately good at low temperatures re- 
spectively, relatively poor at high temperatures. 

(4) Molybdenum and niobium, moderately 
good at low temperatures, value increasing as 
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temperature rises because of maintenance of 
strength. 

(5) Stainless steel, feasible only at high tem- 
peratures. : 

Further selection must be made on the basis of 
compatibility with the coolant and the fuel, and 
the choice is finally made on the basis of all other 
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Fig. 5—Absorption indices of feasible canning materials at 300 deg., 400 deg. and 500 deg. Cent. 
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TasLe IV—Possible Canning Materials for a Gas-Cooled Thermal Reactor 






































Element or alloy = “Len Magnesium Aluminium Zirconium Molybdenum Niobium Stainless steel 
4 12Me 134! 40” 42Mo an 
Atomic weight 2. ss. see eee ee oe 9-02 24°32 26-97 91-22 95-95 92:91 — 
10° abs. CHIC i. enwis Goes: Lass’ iidee, S5a 1-23 2-54 13 7-65 153-7 59-9 227-06 
Melting point, deg. Cent. ... «..  ... +. 1284 650 659 1860 2625 2415 ~ 1500 
al conductivity at 125 deg. Cent., 80-64 95°76 133-56 10-08 87-2 32-76 ~9-0 
B.Th.U./hr.-ft deg. Fah. ; 
.S Bes uranium 0-:9—I1-1 1-30 1+23 0-28 0-25 0-4 ~il 
range 2U to deg. Cent. 
youse's modulus, Ib per sq inx 10°, at 36°8 6°5 9-6 11-4 50 12-4 30 
20 deg. Cent. 
U.T.S. and elongation : 
‘At 200 deg. Comt. 22.0 00 eee nee we 16:5 8 3-7 38 3-16 53 11 50 70 80 15 48 30-7 — 
REDD COR AMIEL ces osc: ceeon's oop bd 14:3 16-3 1-67 83 1-88 75 9 40 41 85 15-5 38 29-9 =e 
At 400 deg. Comt. 20.0 20. cee cee oes 12-9 25 0-55 94 0:87 97 7:5 30 39 88 14-8 28 30-2 38-5 
At 500 dom, COME. ees. ake one) oes o00 12-0 20 0-28 77 0-47 73 6°5 80 37 90 15-9 35 27 38-5 
Specific gravity at 20 deg. Cent. ... ... 1-84 1-74 2-7 6-5 10-2 8-5 : 
Compatibility with uranium... .| Good (below 650 deg.| Excellent ... ... ... Will form a com-| Good (below 650 deg.| Excellent ... ... ... Excellent ... ... ... Excellent up to 
nt.) pound with U at ent.) ~700_ deg. 
reactor temp., that Cent. 
is UAl,g at some 
temp. below 350 
deg. Cent. 
Ignition temperature ... ... ... ... «| High... ... ... ...| Low when contam-| High... ... ... ... eevee vee ae 
inated by a number| 
of common me 
(500 deg. to 550) 
deg. Cent.) 
Vapour pressure 4. eee wee eee vee ve] LOW... oe oe. oe] High, Ip at by ny Very low... ... ... Wee BOW cies: ben) ited Very low ... ... ... ng ere Very low 
i a 
508 deg. Cent, 
Fabrication and welding ... ... ... «. ? Reasonable... ... Good... ... ... ...| Reasonable... ... ? +} Geek... .... ... » ..4 Gaod 
Supply... .-+ sss see see eee eee + | Limited, but increas-| Plentiful ... ... ... Plentiful ... ... ... Normal product con-| Commercial quality} Limited, but increas-| Plentiful 
ing tains 2to3 percent] plentiful, pure duc-| ing rapidly 
HF (108 Sa= 5390) tile material scarce 
Cost per ID ... ses soe cae cee ee oe £100 (est.) 21-4d. 30d. (bar) -~ £25 (bar) £40-S0 (rod) 42-72d. (bar) 
per cu in £6-64 1-35d. 2-93d. £1-64-10-3 ~i9 £12-4-15-5 12-3-21d. 





properties. Table IV shows the properties of the 
individual metals. 

Beryllium is in short supply, difficult to fabri- 
cate and brittle at low temperatures. Mag- 
nesium shows low ductility at 200 deg. Cent. and 
is liable to ignite or evaporate if the temperature 
of the reactor should exceed 500 deg. Cent. 
Aluminium, incompatible with uranium at and 
above 300 deg. Cent., necessitates slight enrich- 
ment compared with magnesium-canned fuel. 
Zirconium, with low thermal conductivity, 
raises doubts concerning its oxidation resistance, 
and niobium, molybdenum and stainless steel 
may require considerable enrichment of the fuel. 

Carbon-Dioxide-Cooled Reactors.—At all tem- 
peratures beryllium appears to be the most 
suitable metal if its ductility can be improved. 
At low temperatures magnesium and aluminium 
should be satisfactory provided that aluminium 
can be made compatible with uranium, but the 
limit of usefulness for both is probably not much 
in excess of 400 deg. Cent. Niobium, zirconium 
and molybdenum, which should provide satis- 
factory substitutes at high temperatures, may be 
suspect on the grounds of oxidation resistance. 
At temperatures of 600 deg. to 700 deg. Cent. 
stainless steel may be useful. 

Hydrogen-Cooled Reactors.—The reactivity of 
hydrogen presents serious problems in the 
selection of canning materials. First, hydrogen 
reacts with uranium forming the less dense com- 
pound UH;. Thus, leakage of the gas into the 
can will result in an increase of the volume of the 
fuel, causing severe stress in the can. Hence the 
rate of diffusion of hydrogen through the cans 
must be kept small. Secondly, hydrides are 
formed by most of the elements in the periodic 
system. ‘ 

Considerations only of melting point, neutron 
capture cross-section and compatibility with 
hydrogen would still leave a fairly wide choice of 
elements as possible canning materials. Diffi- 
culties of fabrication, rates of diffusion, high 
vapour pressures and susceptibility to hydrogen 
embrittlement reduce these possibilities and 
Stainless steel is attractive. 

Helium-Cooled Reactors.—The main objections 
to the use of helium are dependence on overseas 
supply and high cost. Otherwise, on grounds of 
nuclear properties and compatibility, it appears 
to have considerable advantages over all other 
gases and to be superior to all except hydrogen 
in heat transfer properties. The choice of can 
will be controlled entirely by nuclear properties 
and strength. The choice lies between aluminium, 
Magnesium, beryllium or zirconium, at low 
temperatures and beryllium, zirconium and 
Possibly niobium at higher temperatures. 


EFFECT OF IRRADIATION 


In this paper attention has been focused on 
fuel elements because in nuclear power pro- 
duction the principal change has been the sub- 
stitution of uranium for coal as a fuel. The 
Subject is not closed with the manufacture of the 
fuel element because the components -in the 


furnace are subjected to the effects of irradiation. 
This is a field in which theory and experiment 
must show how normal physical properties of 
materials are affected by neutron bombardment. 
Many difficulties stand in the way because even 
in the absence of irradiation understanding is not 
complete on many of the processes involved. The 
mechanism of deformation in creep or of brittle 
fracture is not understood. The effect of irradia- 
tion on the stability of compounds is important, 
particularly where the compatibility depends on 
the formation of a protective film. Simple alloys 
may become complex by the formation of 
“ daughter ” elements either in solid solution or 
as separate phases, resulting in changes in 
mechanical properties. If irradiation continues 
for sufficient time to cause alteration in the phase 
equilibrium then the resistance of the material to 
attack by coolants may be altered. The most 
interesting effect of irradiation is obviously 
fission and great ingenuity will be required to 
devise experiments leading to a full understanding 
of this process and its results. It is hoped soon to 
reach an understanding of the solid state which 
otherwise would have taken generations. As 
well as providing the need and the incentive, 
atomic energy is likely to provide the means for 
these advances. 





Atomic Energy Information at 
Public Libraries 

One of the methods used by the United 
Kingdom Atomic Energy Authority to make 
unclassified atomic energy information as freely 
available as possible is to apply unclassified 
documents to certain libraries which are desig- 
nated “depository libraries.” Until recently 
there were only two such libraries in the United 
Kingdom, the Science Museum Library, in 
London, and the Sheffield Central Library. To 
provide for the increasing demand for the 
documents, particularly from industry, the 
following are now included in the depository 
library scheme : the Central Library, Birming- 
ham; the Mitchell Library, Glasgow; the 
Central Library, Liverpool ; the Central Library, 
Manchester, and the Central Library, New- 
castle. Documents deposited in these libraries 
are freely available to the public, and the 
libraries have agreed to supply photostat copies 
at their usual rates on request. The ddctu- 
ments are also sent to the Copyright Libraries 
and to the Patent Office Library, and some of 
them are on sale through H.M. Stationery Office. 

A monthly list of Authority documents avail- 
able to the public in depository libraries (includ- 
ing those on sale through H.M. Stationery Office) 
is to be issued from the Atomic Energy Research 
Establishment at Harwell on behalf of all 
Authority establishments. This list will also 
include papers published in the scientific and 
technical press, and an indication of whether 
reprints of these papers are available. Requests 
to be put on the mailing list should be sent to the 


Librarian, Atomic Energy Research Establish- 
ment. Following recent relaxations in the 
security grading of much atomic energy informa- 
tion, the Authority is undertaking a review of its 
hitherto security classified documents to see 
which of them can be published in the scientific 
= technical press or made available in report 
orm. 





British Railways Contracts for 
Diesel Locomotives 


Tue British Transport Commission has 
announced the placing of contracts with British 
manufacturers, of a total value of nearly 
£10,000,000, for 141 main line diesel locomotives 
(130 diesel-electric and eleven diesel-hydraulic) 
and thirty power units. The order constitutes a 
part of the modernisation plan described in 
this journal earlier this year. The thirty 
power units of the order will be installed in 
locomotives to be built in British Railways 
workshops. In the whole modernisation plan, 
some 2500 main line diesel locomotives are 
to be built, subject to variation as the plan 
develops. The contracts now placed are for 
the pilot scheme under which trials will be made 
before placing any further orders. These con- 
tracts comprise three main designs : type A, 800 
to 1000 h.p., for freight ; type B, 1000 to 1250 
h.p., for mixed traffic ; and type C, 2000 h.p. or 
over, for heavy duties. The main contracts for 
complete locomotives have been placed as 
follows :—Birmingham Railway Carriage and 
Wagon Company, Ltd., twenty locomotives of 
type B; British Thomson-Houston Company, 
Ltd., ten locomotives of type A ; Brush Bagnall 
Traction, Ltd., twenty locomotives of type B ; 
English Electric Company, Ltd., ten locomotives 
of type C, ten of type B, and 20 of type A; 
Metropolitan-Vickers Electrical Company, Ltd., 
twenty locomotives of type B; North British 
Locomotive Company, Ltd., ten locomotives 
of type B, and ten of type A, also eleven diesel- 
hydraulic locomotives, six of type B and five of 
type C. Contracts for power equipment sets for 
locomotives to be built in railway workshops have 
been placed with Sulzer Brothers (London), Ltd., 
for ten sets for locomotives of type C, and with 
the British Thomson-Houston Company, Ltd., 
for twenty sets for locomotives of type B. These 
main contracts will also involve substantial 
orders for engines, electrical equipment and 
mechanical parts. The manufacturers concerned 
include Mirrlees, Bickerton and Day, Ltd., 
Crossley Brothers, Ltd., Davey, Paxman and 
Co., Ltd., Crompton Parkinson, Ltd., General 
Electric Company, Ltd., and Clayton Equipment 
Company, Ltd. The Commission states that 
it has actively under review its future policy 
for the manufacture and repair of diesel 
and electric locomotives. The orders to which 
this announcement refers, it says, being pilot 
models for trial purposes, should not be taken 
as an indication of permanent policy. 
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Metallurgical Topics 


Metals Handbook : Second Supplement 


THE encyclopedic Metals Handbook, published 
by the American Society for Metals, is being 
kept up-to-date by a committee whose members 
have made a further selection of subjects due for 
new or extended treatment. The first supple- 
ment was issued as a special number of Metal 
Progress (July 15, 1954), and a second supple- 
ment to the 1948 edition of the Metals Handbook 
has now appeared in a special issue of Metal 
Progress dated August 15, 1955. The subjects 
selected for treatment in this second supplement 
fall under the headings :— 

Metals and Applications.—Selection of sheet 
steel for formability, of materials for press 
forming dies, of stainless steels for use in 
chemical industry, of grey cast iron and of 
aluminium alloy castings. 

Design and Applications—Drop forgings, 
helical springs, surface finish of metals, residual 
stresses, and selection of electro-deposited coat- 
ings. 

Processing and Fabrication.—Induction harden- 
ing and tempering, flame hardening, gas car- 
burising, control of surface carbon content in 
the heat-treatment of steel, forging and heat- 
treatment of tool steel, selection of welding 
electrodes, and metal cleaning costs. 

Testing and Inspection—Creep and creep- 
rupture tests, radiography of metals, and the 
macro-etching of iron and steel. 

Most of these are supplementary to, or replace- 
ments of, articles which appeared in the 1948 
edition or the first supplement ; several deal 
with new subjects. From this wide range of 
informative articles a few are selected here for 
further mention. 


STEELS AND DiEs FOR COLD FORMING 


A feature of the article on sheet steel, which 
deals with the selection of both cold-rolled and 
hot-rolled low-carbon steel of the types and 
qualities used for stampings, is the introduction 
of a “severity classification ” with illustrations 
of stampings typical of each severity class. The 
mechanical properties required, including cup 
height and other indications of the Olsen cup 
test, are discussed on the basis of the severity 
class of the forming operation. Stretcher- 
strains, strain-ageing, and the effects of varia- 
tions in grain size and in thickness of the sheet 
steel are described, and procedure designed to 
prevent the production of defective stampings is 
recommended. Die design and speed of forming 
come in for consideration, but the selection of 
material for press forming dies forms the subject 
of a separate article. In tabular statements, 
recommendations are made of suitable materials 
for the punch and lower die according to the 
metal being formed, the size and total number of 
parts to be produced, and the severity of the 
design. These tables, which cover the forming 
of a wide range of metals from aluminium to 
heat-resisting alloys and stainless steels, naturally 
show a great variety of materials for punches and 
dies, varying according to circumstances from 
plastics (reinforced with glass or metal powder) 
to chromium-molybdenum tool steel, and in- 
cluding zinc alloy, aluminium-bronze and various 
grades of cast iron and steel. Each material 
mentioned is then considered separately, its 
appropriate field of use indicated and its advan- 
tages and limitations discussed in detail. 


SURFACE FINISH OF METALS 


This article deals with deviations from an 
ideally smooth surface condition in terms of 
roughness, waviness and lay (or direction of the 
predominant surface pattern). The principles 
upon which instruments for measuring surface 
finish operate are described and the influence of 
surface roughness in various applications is 
discussed Resistance to wear and fatigue 
are two important characteristics of metals 
which are influenced by surface finish. There are 
certain parts for which a specific range of rough- 
ness, or a specific kind of roughness, produces 
the best performance. An example is the cylinder 


bores of internal combustion engines, which 
usually have a roughness between 16 and 40 
micro-inches. Smoother finishes retard proper 
seating of the rings. Coarser finish will accele- 
rate initial wear and oil consumption and may 
accelerate wear throughout the life of the 
barrels. The early running-in period is crucial 
and is influenced greatly by initial surface finish. 
A highly burnished or polished surface will scuff 
or gall, while a dull, honed finish will usually 
perform satisfactorily. Various turned and 
ground finishes have been used, but these are 
slow to break in, causing excessive oil con- 
sumption. The preferred lay on cylinder bores 
is an X-configuration typical of the finish 
obtained by honing. If this pattern cannot be 
obtained, then the lay should be in a circum- 
ferential direction ; it should never be in the 
direction of motion. 

There are other parts that perform better the 
smoother the surface, and for which the rough- 
ness must be a compromise between the cost 
of finishing and the added improvement in per- 
formance obtained with a more highly finished 
surface. Examples are component parts for 
anti-friction bearings, and the cam face of valve 
tappets. The relation between load-carrying 
capacity of journal bearings and the surface 
roughness of the shaft is recorded for a particular 
combination. On the basis of similar data, it is 
recommended that the surface roughness of a 
journal working on Babbitt should be less than 
12 micro-inches. If a hard bearing such as 
bronze is used, and if the load is high (more than 
5000 Ib per square inch) the roughness of the 
journal and bearing surfaces should be less than 
8 micro-inches for best serviceability, though 
lubricants of high viscosity, which have improved 
load-carrying capacity, allow the use of rougher 
surfaces because the thicker film of lubricant is 
more effective in preventing metal-to-metal 
contact. 

The approximate ranges of surface roughness 
produced by various machining processes (and 
also by different methods of casting) are shown in 
diagrams, and typical surface finishes found to 
be desirable on about forty different machine 
parts are shown in a table. 


RESIDUAL STRESSES 


The article on residual stresses supersedes that 
published in the 1948 edition. It refers to the 
residual internal stresses set up by welding, 
quenching, temper-hardening or ageing, by the 
austenite—>martensite transformation, by induc- 
tion hardening, flame hardening, carburising and 
nitriding, and by machining and shot peening. 
Residual stresses found in electro-deposited 
coatings are also mentioned. 

The effects of residual stresses are described. 
Warping, and possibly fracture, is an almost 
certain consequence of machining materials con- 
taining high residual stress. Stress relaxation, or 
a change in stress distribution, may induce fracture 
after a time interval, as shown, for example by 
the spontaneous cracking of a projectile some 
time after it has passed through armour, or of 
quenched steel when a long interval is allowed 
to elapse before tempering. Liquid metals and 
other agents can crack internally stressed solid 
metals, and rapid heating of internally stressed 
components can cause cracking by altering the 
stress distribution. Residual stresses are not 
always harmful. They contribute to the strength 
of built-up cylinders and shafts. They may 
delay or hasten fatigue failures according to 
their distribution. The article insists that the 
improvement in fatigue resistance brought about 
by shot peening is not certainly, though probably, 
due to favourable compression stress since the 
hardening effect of cold work in raising the 
tensile strength, and the related fatigue strength, 
is not taken into account. Fortunately, however, 
the magnitude and direction of residual stress in 
metals can be controlled. Methods for the relief 
of residual stress by thermal and mechanical 
means are reviewed, and recommendations made 
as to the time and temperature of stress relieving 
treatments for carbon and alloy steels of different 


compositions, and for nickel alloys, Copper 
alloys and magnesium alloys. 

Qualitative methods of detecting residual 
stress, like the mercurous nitrate test for brags 
are available for other metals. Quantitative 
methods, apart from the use of X-rays, involve 
machining to release stress locally, and the 
methods of parting employed must not themselves 
introduce any additional residual stress. Eleven 
different mechanical methods, and one X-ray 
method, of measuring residual stress are given, 
together with the mathematical formule required 
for the calculation of stresses from the observa. 
tions. 


INDUCTION HARDENING AND FLAME HARDENING 


Other articles which have been rewritten for 
this supplement deal with induction hardening 
and tempering, and with flame hardening. 
Selection of frequency, power, coil design, 
quenching equipment and accessories for the 
control of surface hardness and of case depth 
and contour are described. Residual stresses 
introduced by induction hardening are normally 
compression at the surface, tension at the junction 
of case and core, and compression in the core, 
The actual stress distribution depends on the 
time of heating, the depth of hardening, and the 
steel itself. For steel in some forms, e.g. in 
large production operations with bars or straight 
shafts, through hardening by induction heating 
may offer advantages, but a larger source of 
power is required because of the greater mass 
of metal to be heated, and lower frequencies must 
be used to minimise the temperature gradient, 
A consideration of the economic aspects of the 
process makes it clear that only in special cases 
is it competitive with other methods of through 
hardening. Induction tempering is a com- 
paratively new development applicable to bar 
stock previously hardened by induction. Its 
principal advantage is the possibility of integra- 
tion of hardening and tempering with the machine 
line to avoid excessive handling of work. The 
tempering temperature must be increased to 
compensate for the short time of tempering 
(five to sixty seconds) in comparison with the 
usual time of furnace tempering. Some lack of 
uniformity of hardness across the section seems 
necessarily to follow this short tempering time. 
The Rockwell C numbers at centre and outside 
of a 1din diameter bar are shown as 48 and 54, 
respectively, after hardening, and 24 and 27 
(approximately 247 and 265 Brinell) after 
tempering. 


Effect of Molybdenum and Tungsten on 
Temper Brittleness 


ALTHOUGH the nature of temper brittleness 
still remains something of a problem, it has been 


.known for at least thirty-five years that small 


amounts of molybdenum will inhibit or greatly 
reduce susceptibility to embrittlement of nickel- 
chromium steels by slow cooling from the 
tempering temperature, but the most effective 
amount varies with the character of the steel. 
For example, more molybdenum is required 
when the steel is high in manganese or phosphorus, 
though there are indications that molybdenum 
in quantities greater than 0-75 per cent is no 
longer so effective in some steels. Reports on 
the influence of molybdenum on steels held for 
a long time at an embrittling temperature have 
also been conflicting, possibly because of 
differences in the temperatures to which the 
material has been exposed. There has similarly 
been a difference of opinion about the effect of 
tungsten. Greaves and Jones! found that 2 per 
cent of tungsten had no appreciable effect on 
susceptibility. _Houdremont* found that 0-75 
per cent of tungsten had a similar effect to that 
of an equal atomic percentage of molybdenum 
(about 0-4 per cent), but according to Vidal* a 
larger amount (e.g. 3-8 per cent) did not have an 
inhibiting effect. 

These elements evidently have a complex 
influence on temper brittleness and further 
elucidation of their effect is of importance in 
connection with the use of ferritic steels operating 
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at 370 deg. to 590 deg. Cent. for thousands of 
hours in steam boiler plant, turbines, &c. These 
steels usually contain 0-5 per cent of molyb- 
denum, and with a_demand for beiter creep 
resistance the molybdenum content tends to 
increase, while the utility of tungsten-bearing 
steels is also under consideration. 

The effect of the addition of 0-5, 1:0, 1-5 and 
2:0 per cent of either molybdenum or tungsten 
on the susceptibility to temper brittleness of a 
steel containing carbon 0-25, manganese 1-0 
and chromium 1-0 per cent has been studied by 
A. E. Powers. Since susceptibility to temper 
brittleness is affected by hardness and by 
austenitic grain size, an attempt was made to 
keep these properties uniform in all steels. The 
specimens were oil-hardened from \1150 deg. 
Cent. after half an hour at that temperature. 
The austenitic grain size ranged from 3 to 4, 
except in the 0-5 per cent tungsten steel, the 
grain size of which was 1. Each steel was 
tempered individually to give a Brinell hardness 
of 250. Embrittling was brought about by 
heating for 1000 hours at temperatures from 
370 deg. to 565 deg. Cent. at 28 deg. intervals. 
In addition, each steel was given a slow cooling 
treatment consisting of heating to 590 deg. Cent., 
cooling to 565 deg., holding for twenty-four 
hours, cooling to 540 deg., holding for twenty- 
four hours, and so on, until a temperature of 
370 deg. Cent. was reached after sixteen days. 
Rather more embrittlement occurred during a 
fortnight of slow cooling than in six weeks of 
heating at 480 deg. Cent. as partial embrittlement 
occurred rapidly at the upper temperatures of 
the embrittling range, so that in the development 
of brittleness the slowly cooled steel has an 
initial advantage over the steel isothermally 
held at 480 deg. Cent. 

Figs. 1 and 2 at the foot of this page show the 
effect of increasing amounts of molybdenum and 
tungsten on the displacement of the transition 
temperature of the steel in its original tough con- 
dition, as a result of heating for 1000 hours at tem- 
peratures between 370 deg. and 565 deg. Cent. 
(The ancmalously high degree of embrittlement 
shown by the 0-5 per cent tungsten steel was 
thought possibly to be a result of the unusually 
large grain size of this steel.) Maximum 
embrittlement occurred at or near 480 deg. 
Cent., although there appeared to be a slight 
upward shift in optimum embrittling temperature 
as molybdenum or tungsten increased. At 
540 deg. Cent. all the molybdenum and tungsten 
steels showed susceptibility equal to or greater 
than that of the chromium-manganese base 
composition. On the other hand, at low 
temperatures within the range all the molyb- 
denum and tungsten steels (except the coarse- 
grained 0-5 per cent tungsten steel) showed less 
susceptibility than the base composition. 

When heated at 480 deg. to 500 deg. Cent. the 
steels with 0-5 per cent of molybdenum or 
1:0 per cent of tungsten showed minimum 
embrittlement. One per cent or more of molyb- 
denum (and especially 1-5 per cent) increased the 
degree of embrittlement of the chromium- 
manganese steel, and the inhibiting influence of 
tungsten with more than 1 per cent, 
so that 2 per cent of tungsten had no appreciable 
effect on the susceptibility of the steel to 
embrittlement at this temperature, 
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When consideration is given to the optimum 
molybdenum or tungsten content for minimum 
susceptibility, it is necessary to take into account 
the operating temperature to which the steel will 
be subjected. 

When slow cooling treatments are to be applied 
to this chromium-manganese steel, it would 
appear (so far as the compositions examined 
indicate) that optimum and equivalent effects are 
produced by 0-5 per cent of molybdenum or 1-0 
per cent of tungsten. 
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Cold Working of Transformer Steels 


THE principal low-hysteresis-loss material for 
transformer laminations is silicon-iron sheet or 
strip. The addition of silicon increases the 
hardness and reduces the thermal and electrical 
conductivity of iron, so that a limit is set to the 
percentage of silicon by the method of production 
employed and by the uses to which the material 
is to be put. High-silicon hot-rolled sheet may 
contain 5 per cent or more of silicon and shows 
the lowest hysteresis loss. Silicon-irons contain- 
ing not more than 3-3 per cent of silicon can be 
cold rolled, and in the cold-rolled and heat- 
treated condition show marked anisotropy, 
resulting in high permeability and low energy 
loss in the direction of rolling. The cold-rolled 
strip is of special value in wound-core trans- 
formers. 

The cold workability of transformer steels with 
more than 3-3 per cent of silicon has been 
investigated by F. Lihl and P. Zemsch.* Lihl 
had previously found that the 4-3 per cent 
silicon-iron alloy develops considerable ductility 
at 250 deg. Cent. and can be rolled at that 
temperature. Figs. 1 and 2 show the effect of 
temperature on the elongation and _ tensile 
strength of the alloy. Whereas the elongation 
had only increased very little and the sheet still 
showed a brittle fracture in tests made at 
220 deg. Cent., the material was ductile and the 
elongation had risen to 20 per cent at 230 deg. 
Cent. The fall in elongation between 230 deg. 
and 400 deg. Cent. is related to “ blue brittle- 
ness.”” Above 500 deg. Cent. the elongation 
rises again as the region of hot working is 
reached. Experiments were carried out on a 
4-3 per cent silicon-iron alloy containing 0-25 
per cent of aluminium, but otherwise of high 
purity. Specimens of thickness 0-5mm, 1-0mm, 
20mm and 2:7mm were given preliminary 
annealing at temperatures between 800 deg. and 
1200 deg. Cent., and were reduced to a thickness 
of 0-35mm by rolling at 230 deg. to 300 deg. 
Cent. with one intermediate annealing (when 
necessary) at 800 deg. Cent. To avoid the brittle 
condition not only the alloy for rolling but the 
rolls also must be preheated since, going through 
the cold rolls, the sheet loses temperature so 
much that intercrystalline cracks appear which 
have the effect of increasing energy losses. For 
the same reason the rolling must be stopped at 
the temperature indicated. 

The energy losses or breadth of the hysteresis 


* Archiv fair das Eisenhilttenwesen, October 1955, page 599. 
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loop increased, except in the specimens which 
had received least reduction, with increase in 
the preliminary annealing temperature. No 
relationship was found between hysteresis losses 
and amount of reduction by rolling, or the 
character of the protective atmosphere in 


annealing (hydrogen or 85:15  nitrogen- 
hydrogen). Very little preferred orientation in 
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Fig. 1—Effect of temperature on the elongation of a 
steel with carbon 0-008, silicon 4-3 and aluminium 
0:25 per cent (Lihl) 





the direction of rolling was observed in this 
material, possibly on account of the small 
reduction undergone, but more probably be- 
cause of the raised rolling temperature. The 
purity of the alloy exerts an influence. Oxide 
inclusions adversely affect the form of the 
magnetisation curve, and there were inclusions 
of alumina in the alloy under test. 

It appears that to attain a good texture on 
rolling a temperature of 100 deg. Cent. should 
not be exceeded. It is thus possible, according to 
H. H. Meyer and H. Schliiter, to cold roll the 
3-8 per cent silicon-iron (of which the brittle 
limit is about 100 deg. Cent.), since the material 
is to some extent warmed by the cold rolling 





operation. In the technical production of 
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Fig. 2—Effect of temperature on the tensile strength 
of the silicon steel of Fig. 1 (Lihl) 


anisotropic strip, however, the silicon content of 
the alloy is about 3 per cent and is usually limited 
to 3-3 per cent for cold rolling. Even if good 
orientation could be achieved in alloys of higher 
silicon content, their use, except as hot rolled, 
would not appear to be very promising on 
account of their increased hardness and the tech- 
nical difficulties of continuous control of the 
slightly raised temperature of rolling of the alloy. 
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Fig. 1—Development of temper em 
steels containing molybdenum 
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containing tungsten when heated for 1000 hours at various temperatures 
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PROGRESS IN CONSTRUCTION OF CALDER HALL “A” POWER STATION 
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Fig. 1—Calder Hall “‘ A ”’ power station under construction, November 17, 1955. No. 1 reactor, immediately to the right of the cooling towers, is due to 
power by the end of 1956 and No. 2 reactor, on the extreme right, should reach the same stage six months later. Besides producing plutonium the two reactors will 
provide enough heat to generate steam (in eight heat exchangers) for four 23MW turbo-alternators which are being installed in the turbine hall between the two reactors 


Figs. 2 and 3—{Left) No. 1 reactor at Calder Hall “‘ A” power station, with, in the foreground, one of the four heat exchangers. Each heat exchanger 

contains separate h.p. and lp. evaporator, economiser and superheater sections with separate steam drums and feed pumps. At the top of the heat exchanger 

is a temporary ‘‘ clean ”’ erection shed. (Right) “2 first of four 23MW turbo-alternators during erection at Calder Hall ‘‘ A ’’ power station. The sets 
will be installed transversely across the turbine hall 
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Progress. at Calder Hall}Power Station 


The present stage of progress in the construction of Calder Hall power station is 


illustrated and described in outline here. 


No. | reactor is approaching completion, 


the graphite matrix having been built up in the pressure vessel ready to receive the 
uranium fuel elements and control rods. No. 2 reactor is due to reach the same 
stage in about six months’ time ; three of its four heat exchangers are in position. 
The first turbo-alternator is being erected. Work has started on the second station, 


Calder Hal 


AST week we visited Calder Hall in Cumber- 

land, to see the progress that has been made 
in the construction of Britain’s first atomic power 
station, since work on the preparation of the 
site was started in the spring of 1953. It will be 
recalled that the engineering design of the 
station was described in some detail by Sir 
Christopher Hinton in a paper* presented at 
the Geneva Conference on the Peaceful Uses of 
Atomic Energy, last August. In the present 
article, therefore, we shall attempt to indicate 
progress of construction rather than to describe 
the station in any detail. 

It should be appreciated that one of the main 
reasons for choosing Calder Hall as the site 
for an atomic power station to generate electricity 
as a by-product in the production of plutonium 

was because the site adjoins the Windscale 
plutonium factory. The Calder Hall project 
could, therefore, make use of the existing services, 
technical skill and “ know how” already estab- 
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Fig. 1, and it is due to be commissioned in 
1958/59. 

Each reactor is a graphite-moderated, pres- 
surised pile, cooled by carbon dioxide in a closed 
cycle. After abstracting heat from the reactor 
core the carbon dioxide enters four heat exchan- 
gers in parallel where steam is generated for the 
turbines. The graphite lattice containing the 
uranium fuel rods and the control rods weighs 
1000 tons and is contained in a cylindrical 
pressure vessel made by Whessoe, Ltd. A 
“ diagrid’’ structure built up of “I’’-section 
beams, forming a rectangular lattice or honey- 
comb bounded by a circular ring girder, carries 
the weight of the graphite core. The pressure 
vessel which is about 60ft high and 40ft in dia- 
meter, is built up of Zin mild steel plate welded 
on site to produce five sections—the bottom 
dome, the two central ring-shaped sections, the 
“ diagrid ’’ and the upper dome. These sections 
were lifted by a 100-ton crane and lowered 
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first and, after the concrete had been allowed to 
set the remaining sides were poured, completing 
the octagonal structure. A dry mix was used, 
with Cumberland Whinstone for aggregate, 
vibrated after pouring. Daily samples were 
taken during concreting to ensure’ that a mix 
of 158 lb per cubic foot would be maintained. 
The biological shields were constructed by 
Taylor Woodrow Ltd., the main contractor for 
the civil engineering work on site. 

There is a 6in space between the thermal shield 
and the biological shield, and this space is used 
for induced draught air cooling, the exhaust air 
being discharged 200ft above ground level from 
the two stacks mounted on the reactor building. 

A view of the base of the pressure vessel, 
showing the entry ducts for the CO, coolant, is 
given in Fig. 4. 

Hot CO, from the top of the reactor vessel is 
discharged to four heat exchangerst (made by 
Babcock and Wilcox, Ltd.), each contained in 
a vertical shell 18ft diameter and 7O0ft high, 
made up of 1 in steel plate welded and stress 
relieved. Separate low-pressure and high-pressure 
steam systems are provided in the heat exchanger, 
each with its economiser, evaporator and super- 
heater sections made up of 2in overall diameter 
mild steel tubing carrying the water and steam. 
The outside surface of each heat exchanger 
section is increased by welded-on steel studs of 
aerofoil section to give an effective water heating 
surface of 30,000 square feet. Electrically 
driven pumps provide flow in the evaporator 
sections to maintain a forced circulation rate 
of about four times the steam output of the 





Figs. 4 and 5—({Left) the bottom of the reactor pressure vessel casing. Carbon dioxide for cooling the reactor core is pumped at 1001b per square inch 
into the bottom of the pressure vessel through four inlet ducts, part of which can be seen. ee section rigged for hydraulic testing. 


The surface area of about 30,000 square feet of the complete heat exchanger is made up of several million 


lished at Windscale. It was possible, for example, 
for Mr. H. G. Davey to assume responsibility, 
as general manager, for the works at Calder Hall 
as well as at Windscale. 

Two stations, “A” and “B,” of similar 
output are under development at the Calder 
Hall site. Station “A,” illustrated in Fig. 1, 
is already far advanced ; work has been started 
on station “ B,’’ where the foundations for one 
reactor are nearly completed, while site prepara- 
tion for the second reactor is in hand. While 
No. | reactor is nearing the final stages of con- 
struction, the commissioning process has started. 
According to the present programme, it should 
producing power by the end of next year. 

No. 2 reactor should reach the same stage 
about six months later. The first of the four 
23MW turbo-alternators (Fig. 3) is at present 
being installed in the turbine hall which is between 
the two reactor buildings 

Calder Hall “B” will ‘be a station of similar 
layout to the “A” station, with a turbine hall 
between the two reactor buildings. The two 
Stations are being built “in tandem” on the 
same longitudinal axis. Station ““B” will lie 
to the right of station “A” as it appears in 





“See Tag Enoinesr, August 27th, 1955 page 290. 


through the roof of the pile vault, the final 
welding being done in situ. All butt welds were 
radiographed and all important fillet welds were 
examined by crack detection methods. Stress 
relieving of the completed pressure vessel was 
effected by applying radiant heat, involving an 
electrical load of 14MW, raising the temperature 
to over 550 deg. Cent., maintaining this con- 
dition for about eight hours and then allowing 
the vessel to cool slowly. A pneumatic pressure 
test and a vacuum test at 0-1 atmosphere 
pressure were then.applied. The weight of the 
graphite and “diagrid”’ is taken by brackets 
directly through the walls of the pressure vessel 
on to ten inverted “‘ A ’’-frames, which rest on 
the base of the thermal shield. The bearing 
face of each support leg is radiused to allow for 
radial expansion of the pressure vessel and 
“ss diagrid.”’ 

The entire pressure vessel is surrounded by a 
thermal shield built up of 6in thick steel plates 
laid edgewise to form a lining to the octagonal 
reinforced-concrete’ biological shield which is 
8ft thick. 

The octagonal plan form for the biological 
shield was chosen because it allowed for shrink- 
age of the concrete ; alternate sides were poured 


welded studs of aerofoil section 


section. Each evaporator is provided with a 
single steam drum 4ft in diameter and 18ft long, 
having the conventional cyclones and scrubbers. 
To reduce the risk of steam or water leaking into 
the coolant system the number of tube joints 
inside the pressure shell was kept to a minimum. 
The ends of each steam tube element go separ- 
ately through a sleeve in the pressure shell so 
that any steam leakage at a joint must escape to 
atmosphere. 

A typical heat exchanger section arranged for 
hydraulic pressure test in the maker’s works is 
shown in Fig. 5. All the tube joints in the first 
heat exchanger to be assembled on site were 
given an abnormally high pressure test followed 
by a stringent vacuum test. 

To prevent contamination of the carbon 
dioxide in the heat exchangers each section of 
heat exchanger was shot blasted to remove rust 
and dirt. After shot blasting each heat exchanger 
was placed in a steel transit case ready to be 
taken to the “ clean room ”’ at the top of the heat 
exchanger for installation. 

The carbon dioxide coolant is circulated 
through the reactor and heat exchangers by four 
single-stage centrifugal blowers with overhung 


+See Tue Enoiveer, June 18th, 1954 page 902. 
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impellers. Control of coolant mass flow is 
effected by variation of impeller speed. Each 
blower is driven by a 2000 h.p. d.c. motor sup- 
plied independently from a motor generator set 
with Ward Leonard control giving a 10:1 
blower speed range. 

The four Parsons turbo-alternators (one of 
which can be seen during erection in Fig. 3) are 
machines of orthodox design. Each has a rating 
of 23MW at 11kV and 3000 r.p.m. The turbines 
are two-cylinder reaction machines. To suit the 
dual pressure steam system the low-pressure 
cylinder receives live steam direct, in addition to 
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steam which has been expanded in the high- 
pressure cylinder. The twin exhausts from the 
lp. cylinder discharge into a surface condenser 
operating at about Ijin abs. After de-aeration 
the condensate is returned by the h.p. and Lp. 
feed water pumps to the economisers. 

There is a separate “‘ dump ”’ condenser, which 
can handle the full-load steam production of the 
heat exchangers without passing through the 
turbines. Two natural draught cooling towers 
(Fig. 1), each designed to cool 3,000,000 gallons 
of water per hour by 10 deg. Cent., will meet the 
requirements of the “‘ A ”’ station. 


Iron and Steel Institute 


AUTUMN 


HE autumn general meeting of the Iron and 

Steel Institute was held in London on Wednes- 
day and Thursday of last week, with the president, 
Sir Charles Bruce-Gardner, Bt., in the chair. At 
the opening session of the meeting it was 
announced that the council had nominated Dr. 
H. H. Burton for election as president, to take 
office at the annual general meeting in 1956. 

The first paper presented for discussion at the 
meeting was by Mr. C. Burns, of the British Iron 
and Steei Research Association, and was entitled 
“* A Furnace Scanning Periscope.” The paper 
described work with a water-cooled periscope 
which has been developed and which can be 
inserted in an open-hearth furnace and give an 
effective viewpoint within the furnace walls. Its 
field of view is sufficient to cover any portion of 
the furnace interior when inserted through a 
single aperture in the back or the front wall. 
The periscope can be used for still or cine photo- 
graphy (normal or high-speed) or for direct 
visual observation. 

In the course of the discussion on this paper 
Mr. J. W. Till ohn Summers and Son, Ltd.) 
said : “The instrument which Mr. Burns has 
described was designed primarily, I think, for 
scanning the roof of an open-hearth furnace 
from a position through the back wall. The fact 
that it has been possible to use the instrument 
successfully for observation of the flame both 
through the front wall and through the end wall, 
as well as for its original purpose, has definitely 
enhanced the value of the instrument. Our 
experience at John Summers with the instrument 
has been mainly from the end of the furnace. 
In this position observation of flame develop- 
ment and flame application to the charge can be 
undertaken readily. We have made several 
studies, both visually and with the aid of a cine- 
film, of these flames, and the results have been 
very encouraging to us. The differences that one 
can see are not always very easy to interpret, but 
we are of the opinion that the periscope will 
provide a means for studying the effect upon the 
flame of slight adjustments in burner position 
and inclination and of atomising conditions. 

“During the last few years a considerable 
amount of work has been done on the examina- 
tion of the flow pattern inside open-hearth 
furnaces by means of models. It is hoped that 
the periscope will provide a means for observing 
the results of the changes that may be suggested 
by model work, changes which will occur in 
flame development and flow lines of the gases 
which may result from the model changes. Now, 
in certain periods in the course of the heat there 
is a very heavy carry-over of slag, particularly 
if one is using a hot metal. This carry-over 
causes rapid wear on the furnace ends. The 
periscope has been set up at John Summers in the 
end wall, in a position in which the dripping 
from the end wall passed across the field of view. 
We tried to get a quantitative value of the 
amount of wear on the end wall by counting the 
drips per minute. The material that drips down 
approximates to the composition of slag, but 
it is reasonable to assume that the dripping is 
closely associated with the rate of wear. We 
have followed quite a number of casts through 
on lines such as this, counting the drips and 
associating this with the time and the particular 
operation of the furnace; and we feel quite 
certain that the severity of wear can be observed 
to increase with an increase in hot metal per- 
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centage. It can be observed to increase with tar 
fuel compared with oil fuel, and it has also been 
seen that the rate of wear increased rapidly if the 
reversal sequence was prolonged. If, as will 
happen on the best-regulated furnaces, the 
furnaceman forgets to put the furnace over at the 
time you have told him to do so, if you are 
observing the rate of drips you will find that the 
tate per minute rises very rapidly—so much so 
that we have instituted a shorter reversal time, 
we have made it automatic, and we have cut 
down the rate of wear on the furnace end quite 
markedly. The wear on the main roof has not 
been observed in this way, mainly due to our con- 
struction, but it would seem reasonable to expect 
that if a hole were available in the back wall the 
periscope could be sited on a particular area of 
the roof and the dripping observed, in cases 
where it is known that wear is localised.” 

There then followed a paper by Dr. C. A. 
Edwards on “ The Relative Merits of Low and 
High Sulphur Oil for Open-Hearth Steelmaking.” 
In this paper the weights of sulphur pick-up when 
using fuel oil with varying sulphur contents are 
given, and from them the theoretical weights of 
tapping slag required have been calculated. 
The distribution of both phosphorus and sulphur 
between slag and metal is discussed mainly from 
the practical point of view. For sulphur it is 
concluded that the basicity of the slag cannot 
be the only factor that governs the (S)/[S} values, 
but a satisfactory degree of correlation is found 
when these values are plotted against the products 
of slag basicity and residual manganese. 

On Wednesday afternoon, there was a dis- 
cussion on a group of papers dealing with “‘ The 
Thermodynamics of Carbon Dissolved in Iron 
Alloys,” “ The Solubility of Nitrogen in Alpha- 
Tron,” and “ The Effect of Alloying Elements 
on the Solubility of Nitrogen in Iron.” These 
papers were introduced by Dr. E. T. Turkdogan, 
head of the physical chemistry section of the 
British Iron and Steel Research Association. 

The first papers to be presented when the 
meeting was resumed on Thursday of last week 
were “‘ The Strain Ageing of Alpha-Iron,” by 
Dr. W. R. Thomas and Dr. G. M. Leak, and 
“The Strain Ageing of Pure Iron,” by Dr. B. 
Jones and Mr. R. A. Owen-Barnett. The 
latter paper describes the ageing characteristics 
of two samples of pure iron containing less than 
0-004 per cent of carbon and 0-002 per cent of 
nitrogen which were investigated after temper 
rolling and after tensile straining. After these 
treatments, the irons showed an appreciable 
degree of strain ageing that was almost equi- 
valent to that of open-hearth mild steel. After 
temper rolling, the rate of ageing of pure iron 
was more rapid than in commercial steels, and 
was found to be complete within one month ; it 
was then equivalent to the strain ageing that 
occurred on heating to 75 deg. to 250 deg. Cent. 
In contrast, ageing of mild steel progressively 
develops over a period of years. The rapid 
ageing of pure iron has been explained by the 
ease of migration of carbon and nitrogen atoms 
in the a-iron lattice. Strain ageing of iron was 
eliminated by annealing in moist hydrogen, which 
reduced the carbon and nitrogen contents to 
almost zero values. 

The papers next discussed were entitled “A 
Microscopic Examination of Samples of Iron 
containing Siliceous Inclusions,” by Mr. R. E. 
Lismer and Mr. F. B. Pickering, and ‘‘ A Micro- 
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scopical Examination of Samples of Iron cop. 
taining Titanium-Bearing Inclusions,” by Mr 
F. B. Pickering. At the concluding session on 
Thursday afternoon, there was a discussion on 
a paper entitled “ Metallography of Delta. 
Ferrite,” which was submitted, in five parts, by 
Mr. Kehsin Kuo. 


THE RUSSIAN IRON AND STEEL INDUSTRY 


A special session, arranged by the Iron and 
Steel Institute during its autumn meeting, was 
held on Wednesday evening of last week. At it, 
addresses on the Russian iron and steel industry 
were given by Sir Robert Shone, executive 
member of the Iron and Steel Board, and Mr, 
W. F. Cartwright, assistant managing director 
of the Steel Company of Wales, Ltd. It may be 
recalled that Sir Robert and Mr. Cartwright 
have recently visited Russia as members of an 
iron and steel delegation organised by the 
Economic Commission for Europe. The British 
experts were led by Sir Robert. 

Sir Robert, in his address, dealt principally 
with the production and economic aspects of 
the Russian iron and steel industry. The follow. 
ing is an extract from his address :— 

““ The two integrated plants which we visited, 
Zaporojhe and Rustavi, together produce 
2,500,000 tons of steel a year and employ 
21,500 workers. It is difficult to make exact 
comparisons. One of these works makes sheets 
and tinplate, and the other makes tubes. Broadly 
speaking, however, the output per man at these 
works would correspond roughly to the output 
per man at a group of the best 25 per cent of the 
works in this country. We have no doubt that 
Russia has also old and less efficient works, just 
as there are old and less efficient works in this 
country. At both the works which we visited, 
however, we could see clear evidence that they 
will improve their efficiency considerably in the 
next few years, just as at modern British works 
schemes are afoot to improve the efficiency in 
the next few years. It is quite clear that Russia 
is running neck-and-neck with us at the new 
plants. The Russians are not yet up to American 
standards, but I have no doubt whatever that 
they have their sights set on the target of 
American productivity. 

“T should like to mention that the rate of 
expansion envisaged by the Russian steel industry 
is an increase from about 45,000,000 tons which 
they expect to produce this year to 60,000,000 
tons in 1960. That rate of increase, when 
expressed as production of steel per head of 
population, is very comparable with the rate 
of increase in the British five-year plans covering 
the years 1953-1958. Both countries may well 
reach their targets, and thus show a similar rate 
of increase per head of population. The popula- 
tion of Russia is increasing at a moderate rate, 
but at a greater rate than in this country. 

“ Pig iron output in both countries is expected 
to rise more rapidly than steel production, for 
very obvious reasons. It is clear that the Russians 
will require to spend large sums in expanding their 


- rolling mills, where they have not reached such an 


advanced state, probably, as in their steelmaking 
and blast-furnaces. They are, for example, behind 
in strip mill development, but they have a target 
of 40 to 45 per cent of their total steel output to 
be in the form of flat products. I do not know 
whether they expect to attain that target by 
1960, but they accept it as a general objective.” 

Mr. Cartwright, in his address, described some 
of the technicalities of the Russian plants which 
the delegation visited. The major part of his 
talk is given below :— 

“ As in any other country, presumably, there 
is quite a big range between the best and the 
worst. I do not know, of course, what the range 
is between the worst and the best in Russia, 
because generally speaking we saw some of their 
newest and some of their best. We visited two 
coke plants, one about 30km outside Moscow 
and one at Stalino, both about four years old. 
The coke oven plant near Moscow is a complete 
unit, down to the town hall, clubs, shops and 
everything else ; it is one tight little community. 

“The coal arrives from the Donbas in complete 
trains. I think that we should say that it is rather 
high in ash and rather high in sulphur. 
average sulphur in the coke is about 1-3 per cent. 
At the Moscow coke works the ash was a little 
lower than at Rustavi, where the average ash in 
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the coke was running between 16} per cent and 
18} per cent. Even so, the whole of the coke 
at the Moscow coke works going to blast 
furnaces appeared to~ be physically of good 
quality, although the volatile matter in the 
mixture was 27 per cent. The coal arrives in 
60-ton double-bogie wagons and is tipped in 
9000 tons per hour tippers and then goes by 
belt to a very comprehensive stocking plant or to 
blending bunkers, and is then fed off through a 
complicated system under the control of a woman 
who has a complicated ‘ intercom ’ set to enable 
her to tell everybody what to do. At the Moscow 
plant there are four batteries with thirty-seven 
ovens in each. The whole of the gas goes to 
Moscow and the heating is done by productr 
gas. The producer gas is made from anthracite 
and coke breeze. The producers are very efficient, 
with electrostatic gas cleaning and balanced 
draught, blowers and exhausters running on a 
balanced pressure, and waste heat boilers round 
the producers. A little way away—about 100 
yards or so—from the ovens there is quite a big 
power station, with two 8MW sets, running at 
45 atmospheres, and the exhausters also took 
this high-pressure steam, which was dropped to 
7 atmospheres for use round the plant in various 
ways, such as in the gas producers and in the 
extensive space heating installations which have 
to be provided for Russian conditions. 

“What impressed me most at both these 
plants, however, was the extraordinary absence 
of smoke. The ovens are fitted with double- 
uptake mains, but I do not think that these alone 
explain the difference. There is considerable 
suction caused by steam jets and no smoke during 
charging. There is no smoke from any of the 
ovens, so that I think they must be on some form 
of suction. I looked at the gauge on the collector 
main and also at the gauge on the control. One 
showed 14mm W.G. and the other 24mm. I 
cannot give an explanation of the difference, but 
it is more usual with us to run at 4—5mm, so that 
the Russians are running at low pressure. They 
also run their outputs on the main right up to 
the time that they are pushed. They tend, there- 
fore, to degrade their gas somewhat ; but, pre- 
sumably due to the higher volatile, they can 
afford to drop their B.Th.U., which run at about 
510 cubic feet of gas. I thought that this might 
lead to some trouble with self-sealing doors, but 
there was no indication of this, although the 
ovens were four years old. When I looked at one 
door which was off, I saw no sign of burning 
anywhere or of any trouble, though I have been 
told that whenever we have tried this practice 
in this country we have almost invariably run 
into trouble with the self-sealing door elements. 
Underneath everything was spotlessly clean. The 
pins and joints of all the valves were kept 
polished, and so bright that they seemed to be 
made of stainless steel. The pumps and pump 
machinery were all kept very bright indeed. The 
compressor house was taking gas from the 
exhausters and boosting it on the first stage of 
compression at 6 atmospheres and at the second 
stage at 12 atmospheres. There were fourteen 
machines in a row ; ten were running, one or two 
were on standby, and one was definitely down 
for maintenance. Those machines were running 
very quietly. This was only one of many indica- 
tions that the Russians certainly know how to 
maintain their machinery. 

“ Another interesting thing which we saw in 
the Moscow coke works was the by-product 
plant, where they had electrostatic detarrers 

re the exhausters. I believe that they have 

tried in this country, or at least in Europe, 
but there has been trouble with them. The 
Russians remove the sulphur down to a very low 
figure indeed in a wet spray plant which sprays 
sddium carbonate and caustic salts, and after- 
wards they recover rock sulphur. This plant 
seemed to work cleanly and very well. 

“Of the two blast furnace plants which we 
saw, that at Zaporojhe was the more interesting. 
The other, Rustavi, is in an area where there had 
been no steelworks before, and the Russians 
have had to do a great deal of work in training 
their people there. In the case of Zaporojhe, 
however, the plant was started up about 1933 and 
they got it going about 1936. When the Dnieper 
dam was blown up it was not very far from 
the steelworks, and they took two or three 
months to evacuate everything they could in the 
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way of movable plant, such as motors and even 
telephones. They got going again in 1947, and 
when we saw it at least one of the blast furnaces 
had been in blast since 1947. They had five 
furnaces, all on high top pressure, blowing at 
about 27 Ib per square inch at the bottom and at 
about 5 Ib per square inch at the top. They were 
using a great deal of sinter in the burden, but 
planned to use more. Generally speaking, in 
Russia they appear to be thinking of working 
eventually with 100 per cent sinter. What is 
interesting is the output which they get from the 
furnaces. The furnaces were all 26ft furnaces, 
but of varying size. The smallest made 1000 tons 
a day and the largest 1750 tons—quite im- 
pressive outputs. At first sight they seemed 
typical of the American blast furnace, but there 
was one difference, namely, that the cooling from 
the mantel plate at the bottom of the hearth was 
of a stave type. The internal face was serrated 
slightly to make it easier to have contact between 
the brick and the staves. None of the five furnaces 
showed any signs of age, although the oldest 
must have been getting on for 5,000,000 tons. 
Like all Russian plants, they are very extensively 
instrumented. There did not seem to be missing 
a single instrument which anyone could want on 
a blast furnace. The high top pressure instru- 
mentation, for example, was most elaborate. 

“ They use slag ladles and tilt them electrically. 
Instead of putting two slag pots on one carriage, 
as the Americans do, they have cut one slag pot 
in half and put a straight piece between the two 
halves, making a sort of large oval, if that word 
can be used for something which has two straight 
sides and two semi-circles. The charging side 
at Zaporojhe, as might be expected from the 

rican influence when the plant was built, 
looks rather like Sparrows Point, with the coke 
transferred from furnace to furnace by big 
transfer cars, but the future planning in Russia 
will incline towards belt handling. At Rustavi 
they have no such sinter plant as yet, and they 
are trying to charge fine ore. Their furnaces 
are not working as well as those at Zaporojhe, 
nor have they the high top pressure, but it is 
obvious that the “high ups” in Russia, with 
whom we had some conversation, think that 
high top pressure has come to stay. Although 
Zaporojhe is making very big outputs, the coke 
consumption figures are not as low as might be 
expected from the very good raw material which 
is used, containing 56-58 per cent iron. The 
coke figure is between 17 cwt and 18 cwt per ton. 
They blow very hard ; on their blast furnaces 
they blow over 100,000 cubic feet per minute. 

“ At Rustavi they have 19ft furnaces. The 
furnaces there are smaller for some reason which 
we did not follow, although they are new; it 
may be because the whole plant is smaller. 
The rate of blowing at Rustavi is also high ; 
they were blowing these furnaces at 50,000 cubic 
feet per minute, and there, too, they have an 
ore which is fairly rich in iron. The Krivoi 
Rog ore is very fine indeed without any prepara- 
tion, and lends itself to the 100 per cent prepara- 
tion idea. They have an enormous deposit at 
Krivoi Rog, which is 260km long and about 
8km wide. They deliberately, and in my opinion, 
rightly, have developed a technique of mining 
it fairly evenly. The bottom of the deposit is 
hematite and high in iron, and in the outcrops, 
or near them, it is magnetite and low in iron, 
35 per cent, but, as has been mentioned already, 
they are concentrating this magnetite to 58-60 
per cent iron. At this big concentration plant, 
which we saw, it was interesting to find that they 
were making—or going to make ; it was brand 
new—a self-fluxing sinter. They brought sea- 
shells from Balaclava to mix with the iron 
concentrate to produce a completely self-fluxing 
sinter. It was a very impressive sight to see 
this gigantic concentration plant, with fourteen 
ball mills already in position and plans for fifty, 
and with some seven sintering strands of 75 
square metres each. They were just starting 
this plant up. It was interesting to find that when 
a sinter plant is built in that area it is necessary 
to remember that it can be very hot in summer 
and very cold in winter. The most elaborate 
arrangements have to be made to deal with the 
ventilation problem and be able to supply air 
to the sinter plant without bringing in a lot of 
cold draughts on the operators. As a result, 
the Russians have designed a plant with hoods 
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running from the discharge end right back over 
the strands, so that the air of combustion is 
sucked down the discharge chimney and through 
the bed. That is a very good anti-smoke idea as 


well, 

“ Leaving the blast furnace plant and coming 
to the steel plant, there is no doubt that the 
most interesting plant of those which we saw 
is the steel plant at Zaporojhe. It is, I suppose 
one can say, an American-style plant, with 200- 
ton fixed furnaces, ten of them in a row, with 
two mixers in a separate building joined by a 
metal track running down the back of the fur- 
naces, with slewing ground chargers. I can 
truthfully say that the plant is working well. 
There are ten furnaces, and all ten were in com- 
mission. The tap-to-tap time which was planned 
was seven hours forty-five minutes. We went 
up and down the shop looking at the times on the 
boards which were actually achieved, the reasons 
why they were down, and so on. The worst 
tap-to-tap time that day was ten-and-a-half 
hours, but the same furnace had not done too 
badly because it had had one time of five hours 
twenty minutes. The reasons for these good 
times are fairly clear. The pig iron is lovely, 
being 0-18 per cent phosphorus, 2-7 per cent 
manganese, 0-7 per cent silicon and 0-04 per 
cent sulphur. They use 70 per cent molten 
metal, which they draw exactly when they like ; 
there is an ample supply because the pig iron 
production is over 2,000,000 tons and the steel 
production only about 1,800,000 tons. They 
had a standard scrap charge which consists of 
twelve bogies with four scrap boxes per bogie, 
or forty-eight altogether. There is always the 
same amount of scrap bundles. There is scrap 
from the motor-car works at Gorki and other 
mill scrap, limestone and lime, so that at the 
charging point that part of it is very simple. 

“* Then we come to the furnaces. They are not, 
as I expected, oil fired ; they are mixed gas fired, 
blast furnace and coke-oven gas mixed. They 
enrich the air with up to 25 per cent oxygen. 
If we do that we immediately burn the roof 
down, but they have chrome-magnesite roofs, 
not with spring skewbacks and not suspended, 
but with a terrific rise. They did not appear to 
have any trouble of any description throughout 
the shop. They have an enormous quantity of 
instruments, and one furnace was being tried 
out with a double dose of them, including a 
programme control for increasing the fuel after 
so many hours in the cycle, and with roof tem- 
perature, immersion pyrometry and everything 
else. They were trying the method of blowing 
the bath down by oxygen through the roof, but 
that was being tried on one furnace only at the 
moment. 

“On the pit side we were surprised to find 
that they had adopted the technique of bottom 
pouring of the rimming steel. At the moment 
their largest ingot on their big strip mill is 12 tons, 
and they have smaller ingots, but they are going 
to enlarge the size to 16 tons. They cast four 
12-ton ingots on one bogie, on one bottom plate, 
with one trumpet, and they say that they con- 
sider this well worth while because of the surface 
improvement. At Rustavi the steel shop was 
not in the same class. They had six 125-ton 
furnaces and a mixer. The furnaces were being 
enlarged to 150 tons. At the moment they are 
on oil firing, but they intend to change over to 
mixed gas, following the excellent example of 
Zaporojhe, but owing to trouble with the gas- 
cleaning plant they have not blast furnace gas 
under the ovens yet. Their pitside was not so 
good, but they make a very different type of 
steel ; they make a tremendous amount of tube 
steel and here they reverse the policy and bottom 
pour, whereas at Zaporojhe they top pour with 
this kind of steel. Although I have said that 
Rustavi was not so good as Zaporojhe, I am 
bound to say that, no doubt partly due to their 
excellent raw materials, they get good outputs 
and appear to average 2500 tons per week per 
furnace. The average at Zaporojhe is more like 
4200 tons per week per furnace, so that you will 
see there is quite a difference. 

‘* When we come to the mills, I feel that there 
is not so much of interest to tell you. The 
Russians are conscious of the fact that there is a 
lot to be done. At the moment, apparently, 
they have at Zaporojhe a 66in mill made by 
United about 1936. It was taken out of the 
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reach of the Germans and brought back again. 
It is a low-lift universal slabbing mill, and it was 
doing 2000 tons of ingots per shift, with a record 
shift of 2500 ingot tons, with a rather old- 
fashioned soaking pit equipment and an ingot 
buggy of a very unusual type ; there is an electric 
locomotive with a man riding in it driving a 
“trailer” bogie in front of him. The slab mill 
is obviously going to undergo a big reconstruc- 
tion programme in the near future. The strip 
mill was the standard, as originally delivered, 
ten-stand mill with four fairly small slabbers 
in front of it. During the time we were there 
they were running around 200 tons of slabs per 
hour, and they rolled almost exactly 1200 tons 
in the six hours that we were there. They used 
quite a thin slab—that is, governed by their 
spacing, and a light coil. Here, as elsewhere, 
extensive use is made of isotope gauges, which are 
mounted on the housings in the hot mill. They 
were not applying these to control as far as 
we could see. They have the layout, common in 
America before the war, of two skid-off plates 
between the coilers and the mill, which makes it 
difficult to have proper water application 
between the stands and the coils. The mill is 
not running at a fantastic output. The 66in mill 
at Zaporojhe is, for its age and type, going 
extremely well, and in the future they will con- 
sume the whole output of the ten-furnace shop, 
plus some silicon steels made nearby and some 
stainless steel made in electric furnaces nearby. 
“Coming to the cold mill, their equipment is 
obviously in a transient stage. They make in 
that plant silicon steel auto-body sheets, stainless 
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ARTICULARS have been received from 
Joshua Bigwood and Son, Ltd., Wolver- 
hampton, of a new dual-purpose, heavy- 
duty, five-roll plate levelling machine. This 
machine has been ‘introduced to provide a single 
piece of equipment capable of dealing with 
heavy narrow plates as well as comparatively 
light wide plates, and thus cover a range of work 
normally calling for two separate machines. It 
is equipped with two sets of rolls—one to deal 
with plate up to 10ft wide by 1?in thick and the 
other set for plate up to Sft wide by 2in thick. 
Changing over from one set of rolls to the other 
can be effected in about four hours, and with 
such a machine it is desirable that the work 
should be arranged so that it can run for a long 
period between each change over. 

The new machine can be seen in the photo- 
graph we reproduce on this page. It consists of 
two fabricated steel housings, in which the 
bottom rolls are carried in phosphor-bronze 
sleeve bearings. Adjustable top roll chocks 
work in machined slideways in the housings, 
which also incorporate the roll screwdown drive. 
The weight of the rolls and chocks is balanced by 
heavy springs contained in the housings. The 
power-operated screwdown motion is driven 
through 5 h.p. geared reduction motors and 
handwheels are used for fine adjustment pur- 
poses, indicators being fitted to show the roll 
positions. To facilitate roll changing lifting 
lugs are incorporated in the housings, the tie 
bolts are located in slots and the bearing assem- 
blies are designed to allow the rolls to be drawn 
out without hindrance. 

The machine has a heavy fabricated steel bed, 
which carries the housings, gearbox and motor 
drive, and this bed is designed to accommodate 
the outer housing in alternative positions to suit 
long or short rolls. A 65 h.p. reversing slip- 
ring motor drives the machine through a heavy- 
duty worm reduction gear and a gearbox, which 
distributes the drive to the lower rolls. 

The two sets of rolls are machined from carbon 
steel forgings. For plates up to 10ft wide by 
13in thick the following roll diameters are used : 
outer top 15in, centre top 19in, and bottom 19in. 
For plates up to 5ft wide by 2in thick outer top 
and bottom rolls of the same diameter are used 
with a 24in diameter centre top roll. The 
makers state that the rolls are of sufficient 
diameter to enable them to withstand, with an 
ample margin , the stresses set up by the imposed 
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and tinplate, and this is all done on what to our 
eyes is rather an unusual plant. There is first a 
66in, three-stand, cold reduction mill, an 
American mill built in 1936. This is preceded by 
three typical picklers and a special pickler for 
stainless strip. After that comes a large battery 
of hood annealing furnaces, of which a high 
percentage were electrically heated. They told 
us that the silicon steels were being annealed in 
vacuum. When they make tinplate, they roll 
the piece on the three-stand mill, anneal it, split 
it into three, and then roll it down on two narrow 
three-stand, mills in pieces about a maximum 
of 15in wide. At the moment they do not roll 
thinner than 0-27mm, but they will try to get 
down to 0:20mm. They have, in effect, six-stand 
reduction with an inter-anneal halfway through, 
but they said that this was a temporary phase and 
that they were building a 14m wide mill in Stalino. 
The head technical man of the whole place told 
us that they reckon that the standard strip mill 
of the future should be planned for an output 
of 2,500,000 tons a year on hot strip and on the 
basis of 40 per cent flat products they will be build- 
ing a number of strip mills in the future. 

“One interesting feature was the tinplate 
facilities in this plant. They had a tin strand 
continuous hot-dip tinning machine. In fact, 
they had six of them in a row, and these were 
tinning quite small coils, weighing about 4 cwt, 
which were shipped in coil form to the tinplate 
works. They did no shearing of the tinplate. 
They also had one narrow electrostatic tinplate 
mill, together with processing equipment for 
stainless sheets.” 


Levelling Machine 


loads and to ensure that there shall be no excessive 
defiection under all working conditions. 

The drive to the bottom rolls from the gearbox 
is through splined couplings of such diameter as 
to allow a roll to be drawn out of its bearings 
while the coupling is still in place. To support 
the rolls during removal and replacement of the 
outer housing a movable jack is located on ways 
between the housings, the rolls being removed 
by crane. To avoid the necessity of uncoupling 
the lubrication pipes when changing rolls each 
housing is fitted with its own central hand pump 
grease system. These systems feed the roll 
bearings, roll adjusting mechanism, and in the 
case of the inner housing system the gearbox 
bearings. The open gearbox is lubricated by 
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anc ga its gears are enclosed by sheet stg] 


ards. 

Control of the main motor is by a reversing 
drum controller and of the roll adjusimen 
motors by reversing push-button starters, »vhich 
are only operable when the adjustment hand. 
wheels are disengaged. Protection avaing 
over-adjustment is provided by limit sw’ iches 
in the motor circuits. 

The firm has also recently introducei ap 
improved design of five-roll plate bending 
and straightening machine, which incorporates 
separate clutch control of the bending oj 
adjustment and the roll drive, and individual 
adjustment of the two outer levelling rolls. It js 
pointed out that this means of adjustment of the 
outer levelling rolls considerably reduces the 
time required in levelling plates. Other points 
of interest on the new machine include a cep. 
tralised lubrication system, grouped con 
and fine regulation of the top roll screwdown by 
the use of the reversing clutch. 

The machine consists of two high-grade cagt 
iron housings, which are mounted on a fabricated 
steel full-length bed. These housings carry the 
phosphor-bronze sleeve bearings with caps for 
the two lower bending rolls, and incorporate 
machined slideways for the phosphor-bronze 
bushed bearing chocks which carry the top roll 
and the two straightening rolls. To enable the 
top roll to be tilted its bearing chocks are 
attached to their adjusting screws by wrist pins, 
but in the case of straightening rolls the adjusting 
screws are coupled directly to the chocks. To 
prevent dirt and scale entering the top roll outer 
bearing when the swinging end bracket is lowered 
for removal of complete cylinders, the bearing 
block remains on the roll neck. Whilst in position 
for bending, the complete bracket unit is locked 
by a hand-operated pin giving a rigid assembly 
which cannot swing away under load. The 
swinging bearing is operated by hand through 
worm and gearing. The top roll has an extension 
on which a hand-operated jacking screw bears to 
support the weight of the roll during withdrawal 
of the swinging end bearing. 

The adjustment of the top roll is by worm 
and wormwheel; a clutch is fitted for tilting the 
top roll for rolling cones. A 25 hp. slip- 
ring non-reversing motor is directly coupled 
to the totally enclosed gearbox, which con- 
tains the reversing clutches for the main 
roll drive and the top roll clutches and 
drive. The drive is then taken through a final 
open reduction gear train to the bottom roll 
drive gears which are keyed on to extensions of 
the roll necks. The straightening rolls are 
adjusted by worm and wormwheel. 





Heavy-duty 5-roll plate levelling machine 
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Machining Engine Castings 


N a recent visit to the works of A.E.C., 

Ltd., Southall, Middlesex, we saw the 
machining of engine castings of the 410 cubic 
inch and 470 cubic inch (6-75 litre and 7-68 
litre) diesel engines introduced last year. While 
each engine is available in horizontal or vertical 
configurations, the crank cases and cylinder heads 


base paint ; the outside is finished grey. They 
are then machined on flow lines which eliminate 
materials handling from commencement of 
machining to component inspection. 

Our illustration, Fig. 1, shows the engine 
casing line, looking against the direction of flow. 
The first operation is to mill the parallel faces 


Fig. 1—The crankcase machining line, showing the trolley for side loading into a duplex machine for drilling 
and tapping the end faces 


of all four are common, because the crank case ex- 
tends only to the crankshaft centre line and carries 
wet liners. Each six-cylinder engine has two cylinder 
heads, and they and thecrank case areiron castings. 

On arrival from the foundry, these castings 
are cleaned by shot-blasting and pickling and 
the internal surfaces sealed with a white rubber- 


for cylinder head joint and sump and main 
bearing joints on a duplex milling machine. The 
casing is then passed, inverted, along a roller 
conveyor to a radial drilling machine, where an 
operator using a drilling jig drills and 
reams the master location holes. The crank case 
is then turned upright and the faces on the side 
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of the block milled. An air-operated jack lowers 
the crank case, on a section of roller conveyor, 
to the level of the flow line through the remaining 
machines ;_ this level was chosen to allow the 
operatives readily to push the castings from one 
machine to the next. The six cylinders are rough 
bored simultaneously. The grooves for the 
rubber rings sealing the liners are recessed on a 
six-spindle machine whose cutters are fed out- 
wards by wedge action: final cylinder boring 
follows on another six-spindle machine. The 
block moves out of the line for the oil gallery 
hole to be drilled and camshaft bore roughed 
on a special purpose machine. Then follow 
boring operations for water pump and idler 
gear, and then the end faces are drilled on the 
multi-spindle machine in the centre of Fig. 1, 
which shows a transfer point in the line. 

Next a three-head multi-spindle machine drills, 
core drills, and reams the tappet guide holes ;_ the 
component is indexed through ‘this machine by 
means of a hand-operated transfer bar. Sixty- 
three holes are then drilled in the sump face in one 
operation and after passing through a roll-over 
device the head face is drilled. Tapping of the 
cylinder head and sump faces is carried out on 
standard radial drilling machines. 

A special gang drill was built up from standard 
units for drilling the oil holes through from the 
gallery to the bearings and also for the fuel 
pump control shaft hole. The side faces are 
drilled and tapped on multi-spindle machines 
receiving the component from the runway by 
turntable. 

After having passed through a washing machine, 
designed to rotate the part through high-pressure 
jets of alkaline wash, and having been dried 
with compressed air, the component emerges 
ready for inspection. 

The cylinder head face then receives its final 
finish on a vertical milling machine and the 
counterbore face depths are adjusted on a pillar 
drill which employs a depth-controlled counter- 
boring tool, after which the liners are inserted 
before water testing. The bearing caps are 
fitted and the component is then passed to a 
battery of three boring machines which complete 
the crankshaft and camshaft bores, the third 
machine finishing the thrust faces to correct 
dimensions. 

The engine casing is finally passed to a further 
washing machine for cleansing and then on to 
an oil misting cabinet which applies a rust- 
resisting oil-film. 

The cylinder head line includes three batteries 
of transfer machines, for each of which the head, 
having been miiied top and bottom and drilled 
and tapped for locating screws, is mounted on an 
appropriate platen which serves to locate it in 
each stage. In the first battery the head is 
mounted inverted on a flat platen and passed 
through six drilling machines which finish the 
valve seats, guide bores and other holes. Then 
another flat platen is clamped on the combustion 
face, the head rolled over, and the first platen 
removed and returned to the incoming end of the 
battery by a powered belt and gravity roller system. 

On the second platen the head passes auto- 
matically through five vertical drilling machines, 
a horizontal drilling machine and a three-way 
multiple tapping machine : the last three stages 
can be seen in Fig. 2. 

In the last transfer machine the head rests on a 
wedge-shaped platen for inclined holes in the in- 
jector housings to be drilled on vertical machines. 
Four operations finish the housings and in a 
fifth the holes for the retaining studs are tapped. 

On each of these transfer machines swarf is re- 
moved continuously, deflectors or sprung scrapers 
sweeping it into a vibrating channel. 

The final processes for the cylinder head are 
washing, pressing copper sleeves into the injector 
housings, and testing for porosity. This is done 
by filling the coolant space with compressed air 
and submerging the head in water containing a 
rust inhibitant. Finally, the head is gauged. 

The flow line is, at present, running well below 
its maximum output, while by doubling the 
number of machines employed on the slowest 
operation, the longitudinal boring of the crank 
case, the capacity of the line could be doubled. 
The line is intended to be used also for a new 
engine designed to replace both the vertical and 
horizontal engines which are at present avail- 
able with swept volumes of 9-6 litres or 11-3 litres. 
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Disc Brakes for Motor Vehicles 


At the Institution of Mechanical Engineers on 
November 8th, the Automobile Division dis- 
cussed a paper by Mr. F. J. Bradbury and Mr. 
F. G. Parnell. We give below a synopsis of the 
paper and abstracts from the discussion. 


SYNOPSIS 

The development of the disc brake was traced from 
a 1902 design on a 18 h.p. Lanchester in which small 
pads of cast iron or copper were found to wear 
quickly. Later brakes used a full circle of friction 
material, but moulded pads having an energy dissipa- 
tion four times that of pre-war materials for the same 
area allowed short pads to be used. The authors 
illustrated the principles of the aircraft floating 
disc, the Lockheed floating caliper, and the Dunlop 
opposed-piston brakes, and deduced that the superior 
performance of disc brakes was due to two charac- 
teristics ; the brake factor was markedly lower, and 
correct geometry was maintained as the brake was 
heated. It was shown that leverage was best obtained 
from the hydraulic system rather than from the brake 
pedal arms, that procedure being limited by the 
expense of small-bore, long-travel cylinders. Hand 
brakes were illustrated and the virtue of a vented 
disc at propeller shaft speeds mentioned. The authors 
spoke favourably of installations combining disc 
front and drum rear brakes, the freedom from fade 
at the front giving a lighter duty to the rear brakes, 
and suggested that the hand lever should apply the 
drum brakes. 


DISCUSSION 


Dr. R. C. Parker: As, I believe, this is the 
first paper to be presented to the Institution 
on disc brakes, it is, of course, fitting that it 
should contain a historical survey, and that 
survey, like many others, illustrates what 
I might term the “ spiral of progress.”” We learn 
that disc brakes were first invented in 1902, 
remained dormant for many years, were re- 
considered and are now the scene of great 
activity. One is tempted to speculate whether 
this pattern arose because the implications of 
early inventions were not realised, because 
the need to develop such a device had not arisen, 
or because this country has paid insufficient 
attention to technological developments. The 
latter view is so frequently expressed by many 
august bodies that we are tempted to accept it, 
but I understand that the disc brake did not catch 
on in the first instance because all the associated 
materials required for its operation were not 
available. 

In passing, it is noted that no reference has 
been made to the Bergesche brake, which has so 
long a history on European railways, nor has 
reference been made to the disc brakes which 
have been employed in the United States on such 
trains as the “General Pershing”’ since 1938. 
I should like to ask whether the authors feel 
that experience on kindred activities could help 
in the interpretation of some of their problems. 

The question pertinent to the adoption of the 
disc brake, either generally or under special 
conditions, depends upon whether or not its 
characteristics are superior to the present drum 
brake. The first argument quoted by the authors 
in favour of the disc brake is that it operates 
generally at lower temperatures. It would be 
very valuable if more data were made available 
under strictly comparative conditions on the 
temperature of drum brakes and disc brakes. 
A number of attempts have been made to treat 
this problem mathematically, and a particularly 
valuable attempt was carried out for the Ministry 
of Supply by Hadekal and Collinson. I get the 
feeling that it is somewhat doubtful whether 
a disc brake does operate at a much lower 
temperature than the drum brake. Radiation 
cooling can be ignored and convection cooling 
is not so superior as is often supposed. It is 
certainly true that racing cars fitted with disc 
brakes have been observed to run with the 
discs at red heat and still maintain good anti- 
fade characteristics. Two further reasons may be 
advanced for favourable anti-fade properties. The 
first is that the friction material manufacturer, 
not being faced with the problem of bending the 
material to an arc, is able to employ bonding 
agents of superior thermal resistance. The 
second reason is that the disc brake operates at 
very much higher normal pressures than the 
drum brake, which means that the nominal area 
of the pad is more nearly equal to the actual 
area when pressed against the disc, and that, of 
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course, dissipates heat in a more uniform manner 
around the disc and prevents heat spots. 

On the question of distortion, the authors 
state that the disc distorts to a cone, whereas 
one would expect it to ripple like a ballet dancer’s 
skirt when pirouetting. If that is true, then the 
two contacting surfaces will not remain con- 
formable, and it is pertinent to note that the 
designers of the Budd brake have their segmental 
area cut into six and have mounted each portion 
on a flexible mounting. These manufacturers 
also claim that a marked reduction in operating 
temperature is achieved by permitting a circum- 
ferential gap in the centre of the segments. 
Experiments in my laboratory have confirmed 
this effect, although the reason is not clear. 

The question of disc thickness is a critical one, 
and it would be of value if research could be 
directed towards finding the optimum thickness 
in respect of minimum distortion and minimum 
bulk temperature. 

In the laboratory with which I am associated, 
we recently carried out some experiments in 
which the pad area was varied while keeping 
constant both the swept area and the mean 
power dissipated. Measurements of wear showed 
that life, expressed as the number of horsepower- 
hours required to wear away 1 cubic inch of 
material, increased approximately two-fold as 
the mean power dissipated per unit area of the 
friction pad increased from 3 h.p. to 10 h.p. per 
square inch. It would therefore seem that for 
each material and for each set of operating 
pressures there exists an optimum area of the 
friction segment with respect to minimum con- 
sumption of pad material. 

The question of exposing the disc to the atmo- 
sphere was raised. I remember that the earlier 
objections to the disc brakes in the United States 
were that in the winter when there was a great 
deal of snow about, salt and similar chemicals 
used on the roads caused abrasion of the disc, 
and I wonder whether that is regarded as a 
problem here and whether much work has been 
done on it. 

The development of a new form of braking 
raises the question of standardisation. No 
doubt each manufacturer has the subject well 
in mind, but the acceptance of agreed standards 
between different manufacturers for all possible 
components would be a welcome move. At the 
present there exist circular, segmental, and even 
kidney and heart-shaped pads, and no doubt 
there is an equal variety of disc shapes and sizes. 
Standardisation effects economy so far as material 
is concerned, always provided it does not conflict 
with important design considerations. 

[The next two speakers showed slides of 
different types of disc brakes, including a pro- 
posed colliery winding engine installation.] 

Mr. H. Butler: I do not think that in the 
larger brakes we shall necessarily stay with dry 
brakes. I think that the trend is to go over to 
some kind of cooling. I should not like to 
prophesy too much about what form it will take, 
but in doing so we solve quite a few problems 
very effectively without paying the penalty of 
adding too much weight. 

In its present form, as useful as it is and even 
although it might well replace the drum brake for 
a particular application, the disc brake must still 
obey existing laws. We are not getting some- 
thing for nothing thermally, and in that connec- 
tion we are paying a price for the drum brake 
application in that we have a centre portion 
carrying the rim proper which is really a non- 
contributor. It is only carrying heat, it has to 
be revolved, and the centre portion is dead 
weight. I think in that way the disc brake has 
some advantage. 

The question of materials comes up, and I 
should say that cast iron holds the field at the 
moment. Steel has given good results also, but 
I would say that cast iron is less susceptible to 
scoring than many other materials. I think 
that copper is the ideal material for the disc, but 
for obvious reasons it cannot be used to any 
great extent. It is too costly and it is always 
more or less plastic and has to be plated to stop 
it from scoring badly. 

There is one important point which has not 
been touched on as far as I know, yet it may be 
obvious to many of us. In the overall picture 
which must always be present of the tyre, wheel 
and brake assembly, I think that we do get 


Nov. 25, 1955 


something for nothing in that the disc brake 
provides that very important increased clearance 
between the hot member and the underside of the 
rim. It is an accidental feature. It has not 
come about by design, but we are very pleased 
to have it, and being associated with a tyre 
company I can emphasise that point. It is not 
unknown to have tyre fires from drum brake 
heat if the brake is out of adjustment, but with 
the disc brake I should say it would be a very 
rare thing indeed. 

On the question of servo action, any servo 
from a secondary mechanism such as a vacuum 
system is allowable, but I should not fee] 
very happy deliberately to incorporate a servo 
into the brake itself. I think that one of 
the outstanding and valuable features of the 
disc brake is that it can claim to be truly linear 
in its behaviour. What I mean by that is, of 
course, that what you put into it you get out of it, 
It has a linear performance which is a delightful 
thing to have. If you have servo brakes you are 
never quite sure whether they are behaving 
dependent on the amount of work you put into 
them. If you start off with a fifty-fifty ratio and 
apply the brakes to a point where they are 
getting quite hot, with the best material in the 
world used for the brake pad, it is possible, 
after only a few minutes of brake application, 
that the fifty-fifty ratio will be something quite 
different, and that it varies to such an extent as 
to become dangerous. That alone rather makes 
out a case for keeping the brake in its present 
form, that is, as linear as possible. 

It is ‘true, of course, that as brakes have been 
developed it would seem that we are still having 
to apply the boost pressure to give us something 
which is lost by the disc brake and not by the 
drum brake, the latter always having that inherent 
shoe factor. I think that we may see newer 
ideas coming along as to how that can be done. 
The pressure of money in the overall picture will 
tell the taleas it always does in a healthy economy, 
and once the brake is satisfactory and ready for 
marketing, how cheaply we can produce it will 
dictate the pace of what the servo systems 
will be. 

Mr. F. G. Parnell (in reply) : On the question 
of materials, I do not think there is any doubt 
that the success of the modern spot type of disc 
brake is very largely owing to the great improve- 
ments we have had in friction materials. I think 
we would all agree with Dr. Parker that it is 
necessary to have some degree of flexibility in 
pad mounting to allow it to follow the disc. 

I was very interested in his remarks about the 
experiments he carried out by cutting down the 
pad area, increasing the horsepower absorption 
in the pad and keeping the horsepower absorption 
of the disc constant. I think that we have to do 
more work of that kind to decide what are the 
best ratios between disc and pad. Common 
practice seems to be about 60 deg. but there are 
experiments going on in heavy vehicles where the 
pad area has been doubled by fitting two lots 
of pads, one each side. This results in a certain 
‘amount of good, but it does not seem to be very 
good for the disc. That is an aspect of disc 
brake design on which more information is 
desirable. 

He also referred to the contamination of the 
disc by chemicals. This question of dirt on the 
discs is continually being raised. In our experi- 
ments with disc brakes on motor cars we have 
been surprised at the degree to which the brake 
can resist snow, water, mud, ice, dust, and all 
sorts of things. We did quite expect that if a 
car with disc brakes were taken out on flooded 
roads, and those brakes were completely un- 
covered, the braking would fall off. In fact, it 
does not fall off perceptibly, and certainly not 
as much as with the old type of drum brakes 
using woven material in the linings. I think 
that our experience seems to agree with other 
people’s experience who have used disc brakes, 
and it does not in fact seem to be due to any 
particular feature of any particular disc brake. — 

Dr. Parker concluded with a plea for standardi- 
sation. Of course, we as accessory manufac- 
turers, would be delighted to see the maximum 
degree of standardisation ; but on the question 
of pad shape we must be allowed to play about 
for a little while until we find out which is the 
best shape of pad. 

Mr. Butler said he was not satisfied that the 
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brake was the last answer. It could well be 
that for the heavy vehicle we might go in for 
something more elaborate where brakes can be 
enclosed and cooled, and ideally put heat back 
into the cooling water so that in the case of a bus 
cing over mountain passes it would keep the 
radiator and the engine warm instead of melting 
the brake linings. That sort of design can, I 
think, only come on the heavy commercial 
vehicle. If the disc brake is to be popular on 
the ordinary car, then I think we must stick to 
something cheap and something fairly simple. 

I started off with an open mind on the question 
of self-energisation. There are designs with balls 
on inclined planes which look attractive. They 
appear to give back the shoe factor which is 
lost, but I am sure that one of the main reasons 
for the good performance of the disc brake on 
racing cars and on high-performance vehicles is 
simply that you get out what you putin. I think 
that if the disc brake comes, it must come in 
substantially its present form without self- 
energisation. It should be pointed out that all 
these designs with balls and inclined ramps are 
self-locking at a certain coefficient of friction. 
If you take it to that limit, the two-leading shoe 
brake is less likely to self-lock than the self- 
energised disc brake. 

The question of the special control which 
releases the brakes as the wheels come to the 
locking point has not been forgotten. It hardly 
relates to disc brakes. The advantages are 
precisely the same on any brake, but the objection 
is expense. It is used on aircraft and it has great 
advantages. 

I do agree with Mr. Butler about the cooling 
of tyres. It seems more or less by accident that 
the disc brake has a better clearance between 
the hot disc and the rim, and there should be 
much less likelihood of a tyre fire. 

Mr. F. J. Bradbury (in reply) : On the question 
of the exposed discs, we feel that our experience 
is not sufficiently broad in this country to give a 
really full opinion on that ; but we have had 
some experience where sand has got on to the 
disc and that appears to have been the worst 
experience so far. It appears to have caused a 
greater degree of wear on. the inner pad, which is 
running at a lower temperature. Therefore we 
anticipate that if they operate under very sandy 
conditions we may run into trouble. We have 
had no trouble in this country. 

The scoring shown in Fig. 12 of the paper 
was a case of overloading. The whole running 
of that disc was done on a dynamometer, so 
there was no question of any dirt. 

On the question of shielding the brakes, I 
would say that cost is a big item, and one of the 
things we try to do with the disc brake is to 
replace the normal drum brake, and in many 
cases where it is being overworked it is because 
it is not large enough, There is room for a large 
brake to be employed, but cost is the deciding 
factor. 

As to the difference in friction coefficient 
between the disc brake and the drum brake, that 
depends on the application. If you are going to 
work continuously at high temperatures you 
have to use material rather like that shown in the 
paper, where critical temperature is probably 
1000 deg. Fah. In general those materials have 
a friction coefficient of the order of about 0-3. 
In the case of drum brakes they are generally 
using materials of the order of about 0-4. 
The more general disc brake will probably be 
using materials with a critical temperature of the 
order of 600 deg. to 800 deg. Fah. with a friction 
coefficient of the order of 0-4 to 0-6. 

With regard to brake squeal, a drum provides 
a natural sounding bell and probably amplifies 
the vibration set up by motion on the brake 
drum. We can have squeal with disc brakes, but 
it is not amplified. 

Mr. Powis Bale : With regard to the effect on 
bearings, I hope that the authors have come to 
the conclusion that the preloading of the bearings 
is an unnecessary complication. 

Secondly, on the question of heat, if great 
care is not exercised in this connection you 
cannot fit ball bearings and expect them to last. 
If roller and ball bearings are given suitable 
lubricants they will last for a long time, but the 
question of heat is very important. 

Mr. Mott: I am rather surprised that the 
question of the possible vaporisation of brake 
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fluid has not been raised. I have recollections of 
seeing a car at the M.I.R.A. proving ground on 
test with disc brakes some years ago, and after a 
certain amount of fading the fluid vaporised. 
Can I take it that since then the design of disc 
brakes has completely eradicated any possibility 
of that trouble ? 

On the same score I am wondering whether 
any changes in the type of fluid used and in the 
possible maximum permissible temperatures of 
the fluid are likely to come to light. 

I should like to stress again this question of 
wear due to dust and abrasive wear, because I 
think I am right in saying that in the case of the 
normal drum brake, if you seal off and prevent 
foreign matter getting on to the lining of the 
drum, the life of the lining goes up very con- 
siderably. Presumably this question of keeping 
foreign matter off the disc will be of increasing 
importance, as this type of brake is used in over- 
seas conditions. 

I should also like to know what sort of tem- 
peratures are actually reached at the surface of 
the disc itself in contact with the friction pads. 

Another point which interested me was the 
recommended thickness of chrome, which was 
only 0-002in. That seems to be very thin 
indeed. Surely if there is any dirt or any scoring 
of the drum a thicker deposit ground to give a 
flat and parallel surface might be a better 
answer ? I see that a figure of 4000 lb load on 
each pad is quoted, and I should like to know 
what would be the approximate area of each 
friction surface. 

Mr. Waller: We have heard a great deal 
about the technical points of the disc brake. We 
have seen some graphs which show its superiority 
over the drum brake, but I think that some prac- 
tical views on the disc brake might help to round 
off the picture which we have been given. I have 
been very fortunate in having been able to drive 
a car for some six months which was fitted with 
disc brakes on the front. It was about three 
years ago and they were early disc brakes and 
subject to all the troubles about which we have 
heard. I have also been allowed to drive cars 
with disc brakes made by both the other firms 
which have been mentioned—one of the cars was 
a 150 mp.h. racing car—and I do not think that 
what we have been told to-night really gives a 
picture of the remarkable advantage which is 
derived from the use of disc brakes. 

It has been demonstrated in racing by the 
Jaguar Company and others that you really have 
to drive a car with disc brakes for considerable 
mileages to realise how they take you into quite 
a different sphere. We have heard how drivers 
only apply a deceleration exceeding 0-4g once 
every 150 or so times. Some drivers do it often, 
and if you do that you soon find that drum 
brakes leave a great deal to be desired, unless 
the manufacturer has made them bigger than he 
thinks they need be. With drum brakes you are 
in trouble all the time if you drive a motor car 
hard, but with the disc brakes, although they 
have their teething troubles, the main perform- 
ance is such that it is not possible to get into any 
trouble in this connection. 

I have had squeal with disc brakes, rumble and 
fluid boiling, but they were all early types of disc 
brakes, and all those troubles have been over- 
come to an adequate extent. I believe that the 
new types of disc brakes have the cylinders 
isolated from the friction material, and that 
trouble is completely overcome ; but where the 
fluid is in close contact with the friction material 
then there is danger. The fluid must be adequately 
separated from the pads. 

Mr. F. J. Bradbury (in reply) : It is true that 
vaporisation of the brake fluid was a problem in 
the early days of disc brake development, but 
it has been overcome by separating the fluid 
chamber completely from the lining carrier. That 
is usually done by having a very small area of 
contact between the push rod and the piston. 
We are still using a natural fluid, although 
mineral fluids seem to be a possibility if we run 
into much higher temperatures. 

The temperature at the surface of the disc is 
somewhat of a problem to give accurately. We 
can only make estimates, but judging from the 
effect it has on disc material and the result 
obtained with thermocouples, it appears that 
temperatures of the order of 500 deg. and 
600 deg. Cent. are experienced quite commonly. 
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With regard to the thickness of the chrome, I 
rather agree with the speaker that it does seem 
thin, but our experience has been that it is a good 
compromise. It is thick enough to withstand 
quite long service and it is thin enough to put on 
evenly without grinding. 

The unit pressure on the pad when subjected 
to : load of 4000 Ib is about 400 Ib per square 
inch. 

I agree with the points raised by Mr. Powis 
Bale on the question of bearings. No doubt we 
shall have problems associated with bearings 
unless due attention is paid to the position of the 
caliper. 





Air Transport Project 
WIND tunnel testing and prototype construction 
are now proceeding in the U.S. on an aircraft 
planned to be as economical as a “‘ D.C.3 ” with 
greater ability to use poor airports. The Frye 
transport is regarded primarily as a turbo-prop air- 
craft, since it is expected that within a space of 
years both purchase and fuel costs will be lower 
for turbines, and any use by the U.S. Armed 
Forces would demand turbines. However, 
suitable engines are not at present available, 
and four 600 h.p. Pratt and Whitney “ Wasps ”’ 
are the initial equipment. The aircraft, a high- 
wing monoplane with a fixed nose-wheel under- 
carriage, achieves approach speeds of about 
55 m.p.h. by means of a low wing loading and 
double-slotted flaps over a high percentage of 
the span ; there are no slots on the main aerofoil. 
The tyre loading is only 50 per cent that of the 
“ D.C.3,” and with 10,000 Ib to 14,000 Ib payload 
take-off should be in 1000ft over a SOft screen. 
Over 250-mile stages forty to fifty passengers 
should be carried at “‘ D.C.3” speeds, although 
cruising at only 150 m.p.h. The maximum 
passenger load will be fifty to sixty, the forward 
lounge being in the extreme nose with an 
unobstructed view. The pilot’s cabin is on top 
of the fuselage, to allow, in the cargo version, wide 
doors in the nose in the manner of a Bristol 
* Freighter.” The freight hold would be 40ft 
long, 10ft wide, and 6ft. 6in. high, the floor being 
at lorry platform height. 
machine is intended for wide applica- 
tion and, therefore, for maintenance in primitive 
conditions. No unconventional materials are 
used, the primary structure being riveted and 
designed for 50,000 hours’ flying. Otherwise, 
the maximum use of bonding is made in the 
design. The Frye Corporation intends to sell 
the aircraft at a competitive price, and con- 
sequently will have to manufacture at least 
some outside the United States, but definite 
plans for its manufacture in Europe have not 
yet been made. 





Accelerated Strength Tests for 
Concrete 


A METHOD of predicting the seven-day and 
twenty-eight-day strengths of concrete cubes 
from concrete samples only seven hours old has 
been developed at Queen Mary College, London 
University. The method is explained in the 
current issue of the Chartered Civil Engineer by 
Professor King. The newly mixed sample of 
concrete is slowly heated, over a period of one 
hour, and then maintained at a constant tempera- 
ture just below boiling point for a further five 
hours. The heating is started half an hour after 
mixing, and the sample is tested half an hour 
after heating ceases, a total of seven hours. The 
accelerated strength is measured, and predicted 
figures for seven-day and _ twenty-eight-day 
strengths can then be read off appropriate 
curves. These curves have been plotted from 
about 2000 laboratory tests. So far they cover 
principally normal Portland cement concrete, 
and the maximum error experienced has been 
about 15 per cent, the average error being less 
than 10 per cent. 





Car PARKS AT LONDON UNDERGROUND STATIONS.— 
London Transport has announced details of a scheme 
to construct six new and fourteen enlarged car parks 
at points on or near main arterial roads on sites 
adjacent to London Underground stations. Work 
will start on some of them early next year. 


Specialised Sports Cars 

RECENT articles in THE ENGINEER, particularly 
those dealing with cars originating on the 
Continent of Europe, have shown that the 
“classical ’’ construction springing from the 
1901 Mercédés has been ousted wherever high 
performance, particularly away from good roads, 
is required. Typical of the modern product 
of the British specialist car producers is the 
14-litre HLR.G., which offers a marked contrast 
to a foreign sports car described in these columns 
on May 20, 1955, the 3-litre Mercédés 
“ 300 SLR.” 

The engine of the H.R.G. is closely allied to 
that of the Singer “ Hunter 75,” described in 
our report of the London Motor Show on page 627 
(ante). However, thecylinder head is cast in RR 50 
and each induction port opens directly out of the 
head on the off side ; the brake mean effective 
pressure has risen to over 180 Ib per square inch 
at 4500 r.p.m., with double-choke racing Solex 
carburetters, and even with twin S.U. car 
buretters 95 h.p. instead of 75 h.p. is available. 

The camshafts have different profiles from those 
of the “‘ 75 *’ and are driven by a chain guided by 
two idlers and a tensioning jockey. The 
radiator is set far forward in the nose, and 
coolant is added through a filler cap above the 
engine, the system being lightly pressurised. In 
front of the radiator there is an oil cooler, fed 
in series with a full flow filter ; the maximum 
pressure is 60 lb per square inch. The engine is 
in unit with a gearbox offering ratios of 1, 1-25, 
1-93 and 3-07, and they are mounted on a rubber 
pad near the front of the cylinder head and two 
cushions behind and beside the gearbox ; torque 
is taken by an arm from the cylinder block linked 
through rubber pads to the frame. The 4:1 final 
drive has its pinion shaft, which carries an internal 
expanding brake, slightly offset from the engine, 
and is driven by a hollow shaft with sliding and 
universal joints ; similar, shorter, shafts run 
to the rear hubs. 

Unliké many sports cars, the H.R.G. does 
not have a space frame, but rather a normal 
chassis in which stiffness is obtained by using 
large 16 S.W.G. tubes for the main members. 
At both front and rear, suspension is by trans- 


The disc of the H.R.G. brake shown here is essentially a narrow ring 


verse leaf springs and wishbones ; the springs 
are not allowed to twist and are required to 
resist side loads, so that the normal laminated 
construction is not required. However, the 
widths of spring material available dictated 
that three leaves, Sin wide, be used. The rear 
spring is clamped to the top of the bridge carrying 
the final drive unit, and the lower ends of the 
hub carriers are located by wishbones mounted 
below the main chassis longitudinal tubes. The 
wishbones are welded from steel tubes and at 
the outboard end are 10in across, so that steering 
motions of the driven wheels are precluded. The 
shock absorbers are fitted to the wishbone ends 
and incline inwards to anchorages behind and 
level with the spring ; they are surrounded by 
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coil springs which are easily changed when it is 
necessary to alter the rate of the suspension. 
The front spring passes below the chassis, and 
the ends of the main leaf are tapered to clear the 
turning hub. As a safeguard in case of breakage 
here, links run from the single long swivel pin 
to the spring clip riveted to the second leaf. 
The upper ends of the swivel pins are located by 
wishbones again up welded from tube, and it is 
interesting to note that to avoid further brackets 
on the frame the “stationary”? ends of the 
spring/damper units are anchored near the 
base of these wishbones. Singer stub axles with 
polished steel steering arms are linked to a long 
arm swinging below a 

pivot in front of the 

engine, and a degree of 

Ackermann effect is 

provided ; the idler arm 

is controlled by a re 

circulating ball worm 

steering box through a 

long drop arm and a 

drag link. 


WHEELS AND BRAKES 


Each wheel is a mag- 
nesium casting in the 
shape of a six-pointed 
star, hollow to fit over 
the hub. Steel rims 
carrying the tyres are 
bolted to the six points, 
and the bolt heads at the 
inside of the wheel 
locate in radial slots at 
the periphery of the 
brake discs. Small 
springs bearing against 
the trailing faces of the 
bolt heads ensure that 
any slack which may 
develop does not cause the plate to hammer 
the bolts. The slots are, of course, outside the 
swept area of the brake disc, which is extended 
to accommodate them, but by keeping the 
unswept area of the disc very small, distortion 
due to uneven heating is largely avoided. Driving 
the discs at their outer 
circumference, besides 
relieving the wheels and 
hubs of braking stresses, 
and reducing the forces 
involved, ensures that 
heat is not conducted 
into the hub to affect 
the bearing lubrication. 
In this installation, the 
large radius of action of 
the pads, combined 
with Ferodo areas of 
20 square inches at the 
front and over 12 at the 
rear (area of shoe on 
one side of disc only 
counted) allow un- 
usually low working 
pressures in the hydrau- 
lic system. The discs 
float on their pegs, and 
the calipers are fixed ; 
a hydraulic piston drives 
the shoe directly by a 
rod. Around the piston 
rod is a device free 
to move along it in 
one direction only and 
with a definite clearance 
between fixed abutments ; the piston is spring- 
loaded to the off position, and the operating 
stroke is always equal to the clearance allowed 
to the automatic adjustor. It has been found 
in practice that if the pads are not driven 
off, but expected to ride close to the disc, they 
may be moved away from it by acceleration 
forces in cornering, resulting in a surprisingly 
long pedal travel on the next application. 
A floating disc is expected to have the virtue 
that any out-of-truth in wheel or hub, 
possibly the result of an accident, does not 
force the pads far back from their working 
position. Three pads on each front disc have 
one master cylinder, another cylinder activates 
two for each rear wheel. Each wheel assembly 
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is estimated to be a stone lighter than a wire 
centre lock wheel with drum brake. 

An “aerodynamic” light-alloy body is fitted 
that part in front of the scuttle hinging upwards 
about a point below the radiator air intake: 
an access panel is also fitted above the engine. 
Two doors and seats are provided ; alternative 
12-gallon or 15-gallon tanks ride within the tail, 





Light Alloy Goods Vehicle 
AT the Scottish Motor Show this month 
there was a new version of the “ Swiftsure,” 
built by Transport Equipment (Thornycroft), 


6/64 ton ‘“‘ Swiftsure ’’ road vehicle with light alloy body and glass fibre cab 


Ltd., Thornycroft House, Smith Square, S.W.1. 
Intended to carry 6-6} tons at a legal 30 m.p.h., 
the vehicle is supplied with a light-alloy platform 
body and a cab of reinforced glass fibre: as 
illustrated, the weight is 2 tons 14 cwt 3 qr. The 
steel apron, wings and mudguards of the previous 
vehicle are still employed, but the upper part of 
the cab has been redesigned. As can be seen, 
an effectively unobstructed forward view is 
provided through fixed windows, while the doors 
carry lifting windows and quarter lights pivoted 
for ventilation. Two modes of adjustment are 
provided for the driver’s seat, and the steering 
column is extensible over a range of 3in. 

The wheelbase is 13ft 6in or 11ft 6in for 
tippers. The six-cylinder diesel gives 80 b.h.p. 
at 2600 r.p.m. and has forged light alloy timing 
gears. Oil supplied from the pump to the main 
bearings is passed through a filter which is 
exposed to the engine cooling air. The silencer 
is mounted transversely under the rear of the 
cab. On the longer wheelbase models, the 
four-speed gearbox drives through a “* Layrub” 
coupling a shaft resiliently supported at its rear 
end, which in turn drives a shaft with Hooke’s 
joints: no sliding joint is therefore necessary 
on the final shaft. Braking is hydraulic with 
vacuum assistance. 





Technical Report 


Road Note No. 20: ‘“* Construction of Housing- 
Estate Roads Using Granular Base and Sub-Base 
Materials.” Published by H.M. Stationery Office, 
price 1s.—This publication is designed to help 
engineers in the preparation of specifications for 
housing-estate roads of flexible construction. It 
deals with the properties of granular base and sub- 
base materials and seeks to encourage the use of 
relatively small-sized materials: these can be laid 
quickly and cheaply by machine in thin layers which 
can be compacted to such a degree by rolling and 
vibrating as to eliminate harmful deformation of the 
structure under traffic. Some cheap industrial waste 
products are suitable for use in this form of road 
construction, it is stated. The use of the California 
bearing ratio method of determining the thickness is 
recommended. Detailed instructions are given on 
the selection of test conditions and test procedure, 
and design curves are included for the classes of 
traffic likely to be encountered on housing estates 
and in large development areas. 
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Extensions to the Gas Council’s 
Research Station at Fulham 


EW extensions, which were opened by Sir 

Robert Robertson at the Fulham laboratories 
of the Gas Council last week, have almost 
doubled the floor area at this important gas 
research establishment. This research station 
is founded upon the laboratories set up in 1928 
at the Fulham gas works by the former Gas 
Light and Coke Company, and after the gas 
industry was nationalised it became officially 
designated the London Research Station of the 
Gas Council. Research at the station is primarily 
concerned with investigations into the production 
and purification of fuel gases, and during the 
past ten years an increasing amount of attention 
has been given to chemical engineering and pilot 
plant experiments. 

The station is administered by Dr. R. H. 
Griffith, controller of research for the North 
Thames Gas Board, on behalf of the Gas 
Council, and the total staff now numbers about 
100. In addition to the work carried out at this 
station, and another in Birmingham, all the 





area boards undertake from time to time at the 
request of the council special items of research, 
and, where appropriate, research of interest to 
the gas industry is pursued jointly with outside 
organisations. During the year ended last March 
the Gas Council spent £290,000 on research and 
development work, and the area boards £555,000. 

Of the three new laboratories now added to 
the original four the largest is the No. 5 labora- 
tory, illustrated on this page. This building has 
a floor area of 3000 square feet and is designed 
to accommodate large pilot plants, in particular 
high plants calling for plenty of headroom, such 
as gas washers, fractionating columns or equip- 
ment using fluidised solids. To assist in the 
erection of such equipment a 2-ton overhead 
travelling crane has been installed, and a large 
— shutter door gives adequate access to the 

oor. 

The equipment to be seen in the foreground on 
the right of our illustration is being used for the 
manufacture of catalyst for4forganic sulphur 
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New No. 6 laboratory with equipment for experiments in biological oxidation of gasworks effluents 








715 






removal. A piece of plant behind this equipment 
is being used in a study of the life of refractory 
materials used in continuous vertical retorts 
with a view to ascertaining a means of stopping 
flaking. 

This flaking is thought to be due to penetration 
of hydrocarbons into the refractory to form 
carbon deposits within the pores. When a 
retort is opened for scurfing, the breaking away 
of the layer of scurf adhering to the refractory 
tears off part of the surface of the brick. In the 
search for a solution to this problem, carbon 
deposits are being produced in refractory bricks, 
made of silica and other materials, which are 
heated in a furnace and subjected to treatment 
with coal gas. The nature of the carbon 
penetration is being studied in relation to 
temperature and pressure and type of refractory 
material. 

Smaller pilot plant investigations are carried 
out in a new laboratory in an adjoining block. 
Plant now in operation in this laboratory, which 
can be seen in our second illustration, is being 
used for research in the biological oxidation of 
gas works effluents. Liquid effluents from gas 
works contain phenolic substances and th’o- 
cyanates which make them poisonous to plant 
and animal life. To destroy these compounds 
biological oxidation is being applied. Suitable 
micro-organisms have been cultivated, and 
methods for supplying adequate quantities of 
oxygen to the liquor have been studied. In the 
pilot plant installed in the laboratory the many 
variables which affect the process are being 
investigated. 

The third of the new laboratories is laid out to 
provide a fully equipped base for the station’s 
mobile team of research workers. From this 
team of chemists and assistants, specialists 
travel to various parts of the area covered 
by the North Thames Gas Board to carry 
out site tests on new or modified full-scale 
installations. These tests depend on accurate 
measurement and anlaysis of all raw materials 
and products of gas making and on continuous 
observation of temperatures and other operating 
conditions in plants. With this new general 
laboratory the team now has for the first time a 
headquarters of its own and suitable centralised 
equipment for all aspects of its work. 

The laboratories in the original building of 
the research station are engaged in work on 
general physical chemistry, organic by-products, 
analytical methods, and general work on the 
design of gas-washing equipment and plant 
maintenance. The station is served by a library, 
workshops, instrument rooms, design offices and 
stores. 





Books of Reference 


Directory of Railway Officials and Year Book, 
1955-56. London: Tothill Press, Ltd., 33, Tothill 
Street, S.W.1. Price 40s.—The sixty-first edition 
of this widely used reference book on railways follows 
the same lines as in previous years with the informa- 
tion revised and brought up to date. It includes the 
important changes made in the British Transport 
Commission organisation for railways and additions 
have been made to the section on international 
associations. 

Scientific Research in British Universities, 1954-55. 
London : H.M. Stationery Office. Price 12s. 6d.— 
As in previous issues of this book, which bids fair to be 
an annual, the entries are arranged in alphabetical 
order of universities, and within each university main 
headings, such as Astronomy, Chemistry, Engineering, 
&c., are arranged alphabetically. A name index is 
included so that the work being done by any particular 
research worker can be found, and -there is also a 
subject index indicating where particular researches 
are being carried out. The criticism can be offered that 
descriptions of individual researches are far too short 
to give an adequately exact idea of what is being 
undertaken. But the book already contains 572 
pages, 8in by 64in, and the types used are not large. 
It would become quite unwieldy were more attempted. 
At least anyone contemplating starting a research can 
discover who is working in the same field and through 
a personal contact thus avoid duplication, and the 
seeker after knowledge is given an indication as to 
whom to apply. We wonder, however, whether 


the book would not be better arranged in 
alphabetical order of its headings, Astronomy, 
Chemistry, Engineering, &c., instead of by universi- 
ties, so that all researches in progress in one field, 
e.g. Engineering, would be listed together, instead 
of being distributed about the book. 









716 


Continental Engineering News 


Hamburg Shipyards 

Shipbuilding, one of Hamburg’s oldest 
industries, to-day occupies first place among the 
city’s industrial activities, both in terms of the 
number of people employed and in terms of the 
value of its exports. About one-third of all ship- 
building in the Federal Republic is carried out in 
Hamburg, where there are about ninety firms 
of shipbuilders, employing some 25,000 workers 
(as against 33,000 before the war). Of this 
number, about 20,000 are employed by the four 
major shipyards on the construction of sea-going 
vessels. An equal number is engaged in the 
ancillary industries. Eight other yards are 
occupied with building coastal vessels and smaller 
sea-going craft, while five specialise in tugs, ferry 
boats and other harbour craft, and another five 
in vessels for inland waterways. All these ship- 
yards carry out repairs as well as the construction 
of new vessels ; some of them are not limited 
to work on ships. Approximately thirty small 
shipyards are concerned almost exclusively with 
repairing harbour and inland waterway craft. 
Finally, there are those firms which undertake 
repairs on board ship at short notice without 
having shipyards of their own. 

Almost more than any other branch of industry 
shipbuilding suffered from the war and from 
industrial post-war embargoes, but it made a 
relatively fast come-back. The docks of Hamburg 
harbour can now accommodate a total of 
120,000 tons. Further dock installations are 
planned in adjustment to the upward trend 
reflected by the figures shown in Tables I and IT. 


TABLE I—Shipbuilding in Hamburg 
employed 


The supply situation has tended to pose a 
problem for Hamburg shipyards—above all 
during the years 1951 and 1952. This difficulty 
was particularly unfortunate since it coincided 
with the removal of restrictions on shipbuilding, 
whereby industry received a new impetus through 
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launched and financed an extensive harbour 
shipping programme. A similar programme is 
to be drawn up for inland shipping. However, 
the efficacy of such aid will largely depend on 
whether punctual delivery of raw materials can 
be made possible. Hamburg shipbuilders are 
constantly being forced to defer their delivery 
dates because steel supplies cannot keep pace 
with the demands of shipbuilding, where the 
output per man-hour has increased considerably 
since before the war, even though the number of 
available slipways has decreased. One reason 
for increased productivity in shipbuilding is the 
greater use of pre-assembly methods and of 
welding. Appreciable savings, especially in 
mass production, are brought about by the optical 
marking-off process. This saves floor space 


TaBLE III—Repairs Undertaken in 1000 DM. 





Federal Republic 
Export 
67,356 
79,721 
119,015 
144,293 
116,618 
_ 138,605 























as well as material and time for making patterns, 
and valuable specialists are freed for other tasks. 

In addition, a shipbuilding association has 
done a large amount of research on the question 
of organisational rationalisation. Unfortunately, 
all rationalisation projects cost money. Because 
it got off to a later post-war start, shipbuilding 
has not yet advanced as far on the path of tech- 
nical improvement as many other German 
industries. 

The Hamburg Shipbuilding Research Station, 
Ltd., even before the war had won a high reputa- 
tion in Germany and abroad. War damage, dis- 
mantling and requisitioning put an end to its 
activities. The city of Hamburg has shown great 
interest in its reconstruction. For research pur- 
poses there have been made available an inland 
waterway, a canal for sea navigation, a manceuvr- 
ing basin with rotation equipment and a cavita- 
tion tunnel. A large canal for sea navigation, 
which will make possible measurements on large 
fast-moving models and test performances under 
high sea conditions is under construction. These 


TasBLe IlI—Number of New Ships and Gross Registered Tonnage 
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137,428 9,968 
10,629 
272,744 
301,479 
Fees 265 450,087 
1955 (first quar-' — 
ter) | 


38,976 
88,000 
193,000 | 
266,470 
223,242 
60,047 
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200 


124,043 
132,190 
97,078 
48,844 














orders placed by both German and foreign 
shipping companies. In 1953 and 1954 the 
question of shortage of supplies receded into the 
background, only to reappear more recently, 
although to a lesser extent. 

The steel consumption of Hamburg shipyards 
amounts to 150,000 tons per year. The major 
shipyards, which are covered by long-term 
contracts, are able to place considerable orders 
with rolling mills and can plan far ahead, so that 
they are comparatively well situated with regard 
to supplies. But the smaller firms, particularly 
those building harbour and inland waterway 
craft, frequently complain of a shortage. 

before the war these were the firms 
busiest with repairing and building, the division 
of Germany has cut off Hamburg’s port and 
commerce from their natural hinterland. The 
traffic of goods on inland waterways, which 
extended far into the eastern provinces, into 
Czechosiovakia and the Balkan countries, has 
ceased almost entirely. This means that the 
medium-sized and small shipyards of Hamburg 
have lost most of their customers. In addition, 
Hamburg’s port navigation suffered considerable 
material losses during the war, whereby the 
necessary modernisation of its transport fleet 
was delayed. 

To improve the situation, the Government 
and the state legislature of Hamburg have 


undertakings were aided financially by the 
Federal Government and the State of Bremen, 
while industry is to help finance current research 
projects. 

The first appreciable post-war impetus was 
given to the shipbuilding industry in October, 
1950, when Allied Military Government restric- 
tions upon the size and speed of freighters built 
for export were removed. At the end of that 
year the Deutsche Werft shipyards was able to 
deliver the first vessel built in Hamburg for the 
export market—the motor tanker “ Irland ”’— 
to its Danish customers. Of the total volume of 
new construction during the last three years, 50 
per cent has been for export. The share of 
Hamburg shipyards in the shipping exports 
of the Federal Republic constitutes about 40 per 
cent. 

A major item of the Hamburg shipbuilding 
industry is repair work (Table III) for the fleets of 
other countries. War and its aftermath placed 
Hamburg shipyards at a grave disadvantage in 
this respect. The two largest repair yards ceased 
to work because of dismantling, and dock 
capacity sank to a quarter of what it was before 
the war. Meanwhile, sunken docks have been 
raised and damaged ones repaired. Besides a few 
smaller floating docks, three major ones have 
been taken into commission in the last two 
years ; another one is about to be completed. 


Nov. 25, 1955 


By summer, 1955, 50 per cent of the pre-war 
capacity was reached. 

Most docks are owned by the major ship- 
building companies, while a number of medium- 
sized firms without dock or slipway facilities 
undertake speedy repairs of vessels en route. 
In 1954, the total export turnover of Hamburg 
yards engaged in repair work exceeded 50,000,000 
DM., thereby raising Hamburg’s share of total 
export repairs in the Federal Republic to 35 per 
cent. 


Inauguration of E.C.S.C. Council of Asso- 
ciation 


In December, 1953, the High Authority 
of the European Coal and Steel Community 
suggested to the British Government that the 
time had come for a more formal association, 
As a result of subsequent discussions, the agree- 
ment of association was signed in London on 
December 21, 1954, and has since been ratified 
by the British Parliament and the six member 
countries of the community : Belgium, France, 
West Germany, Italy, Luxembourg, and the 
Netherlands. 

On November 17th, the President of the Board 
of Trade (Mr. Peter Thorneycroft), the Minister 
of Fuel and Power (Mr. Geoffrey Lloyd), together 
with the chairmen of the National Coal Board 
and the Iron and Steel Board (Sir Hubert 
Houldsworth and Sir Archibald Forbes), attended 
the inaugural meeting of the council of associa- 
tion. The High Authority members of the 
council are its president (Monsieur René 
Mayer), its vice-president (Herr Franz Etzel), 
Monsieur Dirk Spierenburg, and Monsieur 
Albert Wehrer. The first three will be permanent 
members of the council of association, while 
the fourth will be chosen from the remaining 
members of the High Authority in rotation. 

The agreement between Britain and the coal 
and steel community establishes a council of 
eight members, four from the United Kingdom 
and four from the High Authority, with a joint 
secretariat of two. The council is to meet 
alternately in Luxembourg and London, and 
has powers to appoint committees necessary to 
its work, 

The main obligation imposed upon the signa- 
tories is the examination of possible ways of 
reducing or eliminating obstacles to trade in 
coal and steel between the two areas. Those 
obstacles include “quantitative restrictions 
on imports and exports, tariffs and other charges, 
exchange control restrictions, dumping and anti- 
dumping measures, and export subsidies.” 
Any trade restrictions which may be con- 
templated at some future date by any of the 
countries concerned, are to be brought before 
the council, beforehand if possible, with the 
object of arranging for joint action and mutual 
assistance. In its work, the council must take 
into account the interests of consumers and of 
third countries, and of Britain’s special position 
within the Commonwealth. 

- Finally, the council is to provide for the con- 
tinual exchange of information, for consultation 
on matters affecting iron and steel, and, where 
appropriate, for the co-ordination of action in 
these matters. 

“Matters of common interest ’’ are defined as 
being the conditions of trade in coal and steel, 
supplies of those materials and of raw materials 
required by the coal and steel industries ; markets 
and prices ; general development and investment 
policy ; consumption, production, export and 
import trends ; effects of the development of 
other forms of energy ; technical development 
and research, and safety, health and welfare of 
coal and steelworkers. A joint annual report 
is to be presented to the British Government 
and to the High Authority. 


V.D.I. Annual Reviews 


Beginning from October, 1955, the 
V.D.1.-Zeitschrift, journal of the German 
Engineers’ Association, is publishing a series of 
annual reviews from the pens of engineers in 
various fields of technology and engineering. 
Some fifty subjects are to be covered, and among 
those covered so far have been “ Process Tech- 
nology,” “ Combustion Engines,”’ “ Shipbuilding 
and Ships’ Engines,” and “Iron and Steel 
Making.” 
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Overseas Trade 


The Board of Trade has stated that exports 
of United Kingdom goods in October were 
yalued at £267,800,000, which is the highest 
monthly figure so far recorded. October is 
normally a good month for exports, and this 
year the figure undoubtedly included also a 
further instalment of shipments delayed by the 
dock strike in June. 

Nevertheless, the Board of Trade says, the high 
total reached in October was a welcome indica- 
tion of an underlying upward trend in the value 
of exports which appears to have continued 
through the period of severe dislocation of trade 
caused by the strikes. The October figure was 
164 per cent above the average level of exports 
in the preceding six months. For the first ten 
months of this year, exports were 74 per cent 
higher than in the corresponding period of 1954, 
though this comparison is influenced by the 
effect of the dock strike of October, 1954, which 
reduced exports in that month and led to higher 
figures in the early months of this year than 
would otherwise have been registered. Most 
classes of export goods shared in the rise in 
October, though one exception was motor-cars. 
Iron and steel, non-ferrous’ metals, machinery 
and commercial vehicles were among the classes 
which showed considerable improvement com- 
pared with the preceding six months. 

Re-exports in October were valued at 
£12,800,000, which was one-third above the 
average for the first nine months of this year, 
and the highest monthly figure since July, 1952. 
Imports in October were valued at £333,400,000, 
which was 4 per cent above the average over the 
first nine months of this year. The Board of 
Trade says that, during October, imports of 
iron and steel and steel-making materials, 
machinery, rubber, chemicals and paper con- 
tinued to rise. The excess of imports over 
exports and re-exports in October was 
£52,800,000, compared with £50,700,000 in 
September, and an average of £75,100,000 for 
the first nine months of the year. 


Demand for Raw Materials 


According to Bulletin for Industry, which is 
prepared by the information division of the 
Treasury, the output of metal consumer goods 
and passenger cars has been rising sharply. 
But, it is stated, exports generally in this group 
have changed very little. The home market has 
thus taken the major share of the increased 
output, and, in some instances, has taken more 
supplies while export markets have taken less. 
The rapid growth of output in these industries, 
the Bulletin observes, has contributed to the 
rising demand for steel and non-ferrous metals 
and has therefore been among the reasons why 
more metals have been imported. 


The Bulletin goes on to say that provisional 
figures indicate that home deliveries of steel, 
including imports, in the first nine months of 
this year were about 10 per cent higher than 
last year, and those of virgin aluminium were 
about 40 per cent higher. In the first nine 
months, imports of steel and steel-making 
materials were £59,000,000, or 48 per cent, 
higher than a year earlier, and non-ferrous metal 
imports were up by £43,000,000, or 34 per cent. 
These two materials, it is stated, accounted for 
about a quarter ‘of the increase in total imports 
in this period. 


Railway Wages 


This week it has been reported that the 
National Union of Railwaymen has submitted 
to the British Transport Commission a claim 
for a wage increase of 10 per cent. The Transport 
Salaried Staffs Association, which represents 
the clerical grades in the railway service, has also 
made a claim for an increase of 74 per cent. 
Some weeks ago these two unions considered 
the matter of a joint approach to the British 
Transport Commission, but it was subsequently 
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stated that the Transport Salaried Staffs Associa- 
tion intended to pursue the matter alone. Mean- 
while, the third railway union, the Associated 
Society of Locomotive Engineers and Firemen 
has indicated that another pay claim is likely 
to be forthcoming. At present it is awaiting 
from the British Transport Commission a reply 
to demands concerning working hours and 
conditions. 


Prospects of Automation 


Sir Ivan Stedeford, chairman of Tube Invest- 
ments, Ltd., has circulated a statement in connec- 
tion with the company’s forthcoming annual 
meeting. In this statement he comments on 
several matters of general interest to the engineer- 
ing industry, one such matter being the prospects 
of automation. Sir Ivan says that “ with our 
national tradition of craftsmanship and relatively 
small-scale production, we have never admired 
standardisation for its own sake.’’ Some indus- 
tries are, therefore, more suitable for automatic 
processes than others, and for many factories 
automation may always remain impracticable. 
There are already, Sir Ivan adds, a number of 
automatic factories, and in time there may be 
more. In the United Kingdom, however, he 
suggests, automatic methods are likely to be 
applied more widely to particular processes and 
assembly lines than to entire factories, and the 
pace of progress is bound to be uneven. 

But, the statement continues, apart from the 
vital need for holding our place in the world’s 
markets, there are other factors which may 
drive us irresistibly towards the adoption of 
automatic methods. Even though industry has 
been operating at full stretch with almost every 
available pair of hands at work, we have not 
produced enough, Sir Ivan comments, to sustain 
a moderate increase in home consumption 
without sacrificing essential exports. This 
production gap, the statement goes on, may well 
have to be filled by a greater use of more highly 
mechanised plant, and, it is added, ‘‘ accustomed 
though we are to the relative luxury of wide 
choice, we may have to accept, as a price of 
higher productivity, more standardisation in 
much of industry’s output.”’ 

Sir Ivan then observes in his statement that 
“an important question to be considered in 
relation to automatic methods is whether the 
replacement of men and women by machines 
will lead to unemployment.”” So far, he says, 
experience has suggested rather the reverse, 
any redundancy having been almost immediately 
counterbalanced by the creation of new jobs. It 
may be expected, however, that the need for 
redeployment will ultimately be greater in offices 
than in the factory, and that the early school 
leavers, from whom have been drawn the bulk 
of office staffs hitherto, will need to provide 
many of the better educated and trained tech- 
nologists to man and maintain the automatic 
equipment of the future. It is encouraging to 
note, Sir Ivan comments here, that these develop- 
ments are being attentively watched by trade 
unions as well as by employers, for the widest 
measure of understanding is required. 


Common Prices and Collusive Tendering 


Recently, the President of the Board of Trade 
announced that he had asked the Monopolies 
and Restrictive Practices Commission to submit 
a report on the general effect on the public 
interest of common prices, collusive tendering 
and similar practices. The chairman of the 
Commission, Sir David Cairns, Q.C., has now 
appointed a group of members to make this 
investigation. 

The Commission states that it already has at 
its disposal a certain amount of information 
about the operation of these practices, both 
from its own earlier inquiries and from reports 
by other bodies. Nevertheless, this evidence 
will need to be supplemented and brought up to 
date. For this purpose, the Commission will 
be approaching trade associations and other 









bodies, but it will also be interested to hear from 
all interested persons or organisations wishing 
to submit evidence. Those who may wish to 
submit such evidence are asked to inform the 
Commission as soon as possible of their intention 
to do so, explaining briefly their interest in 
the matter and when they expect their detailed 
evidence to be ready. All communications 
should be addressed to the Secretary, Monopolies 
and Restrictive Practices Commission, 8, Corn- 
wall Terrace, London, N.W.1. It should be 
added that the new reference relates to cases 
where a number of firms or individuals enter 
into any arrangement, whether legally enforceable 
or not, concerning the prices at which they will 
supply goods or tender for the supply of goods, 
or the prices or charges for the application of a 
process to goods. The reference also includes 
arrangements for collusive tendering, whether 
or not level tenders are involved. 


Incentives to Work 


In a paper on incentives, which is printed 
in the October number of Occupational 
Psychology (the journal of the National Institute 
of Industrial Psychology), the author, Miss 
Sylvia Shimmin, advocates more careful study 
of what really constitutes an “incentive to 
work.” She suggests that the idea that an indus- 
trial worker is like a donkey lured by a carrot 
or driven by a stick still underlies many current 
discussions on incentives ! 


The paper adds that both managements and 
a large number of workers seem to believe that 
“no working man will ever work for work’s 
sake.” The usual way of trying to get someone 
to work harder is to give some kind of a bonus 
payment. But this, Miss Shimmin comments, 
may lead to further problems. It happens that 
some jobs, being more difficult than others in 
the same department, are harder to assess when 
setting a standard for the operation, so that 
although they need more skill they give a lower 
bonus. New operatives, put on the easy jobs, 
earn more the experienced workers on 
difficult operations. 

The paper ends with the observation that a 
great deal is heard about a “normal” day’s 
work, average efficiency, “‘ a fair day’s wages for 
a fair day’s work,” and so on, in discussions on 
work and wages. Thus, Miss Shimmin says, 
many of those who are responsible for incentive 
payment schemes claim that their purpose is to 
maintain a reasonable performance from their 
workpeople, and not to induce extra effort. 
The workers, on the other hand, may retort that 
the wage incentive is merely a device for getting 
more work from them than is desirable! It is 
obvious, the paper adds, that evaluations of this 
kind defy objective measurement and operational 
definition ! 


Industrial Fuel Efficiency 


At a meeting of the National Production 
Advisory Council on Industry, which was held 
last Friday, the Minister of Fuel and Power, 
Mr. Geoffrey Lloyd, spoke about the value of 
the reports on industrial fuel efficiency which 
had recently been sent to him by the chairmen 
of the Regional Boards for Industry. He said 
that excellent progress was being made with 
the Government’s campaign for fuel economy. 
The chairman of the National Industrial Fuel 
Efficiency Service, Sir Leslie Hollinghurst, had 
addressed a personal communication to every 
firm in the country which consumed more than 
100 tons of coal a year, drawing attention to 
ways in which immediate saving of fuel could 
be effected, with little or no capital expenditure. 
Up to November 17th, Mr. Lloyd said, over 2000 
replies to the communication had been received. 
He went on to talk about the offer made by the 
Regional Boards for Industry to assist in this 
fuel economy campaign. Regional Boards, the 
Minister suggested, could help in many ways ; 
one way was by securing a better response from 
local firms to the arrangements for training 
boiler operatives. 


American Section 
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National Machine Tool Show at 
Chicago 


BY OUR AMERICAN EDITOR 
No. IV—{ Concluded from page 743, November 18th) 
The American Machine Tool Show was held at the International Amphitheatre in 


Chicago from September 6th to Septemb 
100,000 visitors. 


er 17th and was attended by well over 


The exhibition was organised by the National Machine Tool 


Builders’ Association, and this article reviews certain advances in respect of 
design, construction and performance of particular interest. 


THE HEALD MACHINE COMPANY 
N interesting example of the current trend 
to “automated” production lines in the 
United States was furnished by a section of a 
fully automatic piston machining installation 
exhibited by the Heald Machine Company, 
Worcester, Massachusetts. The installation is 
illustrated in Fig. 29 and the work flow and 
operational sequence is shown diagrammatically 


orienting station where all pistons are aligned 
for wrist-pin. hole boring. A ratchet feed then 
advances the work into the boring station, where 
it is automatically clamped and located. A 
single feed-out quill with two boring tools enters 
the piston, with the first tool rough boring and 
the second tool semi-finishing on the in-stroke. 
The quill feeds out 0-002in and the second tool 
finish bores on the out-stroke. The work is 


Fig. 29—Automatic piston machining line with Heald model ‘‘S ’’ ‘* Bore-Matic ’”’ machines 


in Fig. 30. In this segment of a fully automatic 
line, two model S “‘ Bore-Matics *’ were arranged 
for the continuous, high-production boring 
of car pistons. All the operations were 
completely automatic and, once started, the 
attention of the operator was limited to occasional 
tool adjustments and replacements. 

At machine No. 1, the work enters the loading 
chute from the conveyor and rolls down into an 


then unclamped and advanced to an air gauging 
station, where over or under-size parts can be 
automatically sorted out of.line. From the 
gauging unit, the work rolls through 2 flushing 
station, where all chips are washed away. The 


* work is then elevated back to the conveyor and 


advanced to the second machine. 
At machine No. 2, the pistons roll down a 
loading chute into an orienting station, where 


Feed-out Quill and Tools 


Loading Chute Air Gouge 


Clamp Cylinder 


Orienting Drive Roll Motor 


Boring Head 
Drive Motor 


not within tolerances. 


Unloading Mechanism 


Nov. 25, 1955 


they are aligned with their pin holes in the proper 
position for loading and for turning operations, 
A pin in the loading arm then picks up the work 
and swings it down into the chuck, where :t is 
located and clamped for elliptical box turning, 
after which the arm retracts out of the way. The 
rotating tool holder carries a fixed roughing too] 
and a feed-out semi-finishing and finishing tool, 
On the in-stroke, the piston skirt is rough and 
semi-finish turned. The feed-out quill then 
advances 0-002in and the outside diameter of the 
piston is finish turned on the return stroke. After 
turning, the work is air gauged while still in the 
chuck. All correctly sized parts are then unloaded 
and deposited on the conveyor belt by a pivoted 
unloading arm. At each gauging station a feed. 
back system to the tooling could be provide, if 
desired, to compensate automatically for size 
variations. It was not used in this case because 
aluminium does not present any tool life problems 
and off-size parts are rarely encountered. In 
addition to the operations performed at the 
exhibition, a complete “ automated” piston 
line might include stations for semi-finishing 
wrist pin holes, grooving snap ring grooves, 
milling valve clearance pockets in domes and 
saw slotting oil ring grooves. 


THe Cross COMPANY 


Another representative example of fully auto- 
matic transfer machines was exhibited at the 
booth of the Cross Company, Detroit, Michigan. 
The “* Transfer-matic ’’ machine, which is illus- 
trated in Fig. 31, was shown machining auto- 
mobile crankshaft main bearing caps at the rate 
of 450 per hour. The machine handles the work 
in the form of a three-cap cluster, drills, chamfers 
and reams the bolt holes ; drills, chamfers and 
taps an oil pump screw hole ; drills, chamfers 
and reams two oil pump dowel holes ; drills an 
oil supply hole ; drills a pump drive shaft hole ; 
mills a lock slot ; mills a dowel slot ; rough 
mills oil seal and oil slinger grooves, and finally 
saws the cluster into three individual pieces. 
The unit comprises nineteen stations—one for 
loading, three for milling, eight for drilling, 
chamfering, reaming and tapping, and seven for 
visual inspection. The machine is equipped with 
an automatic transfer mechanism for indexing 
parts from station to station, hydraulic power 
clamping, a tandem drive for locating pins, a 
hydraulic feed and rapid traverse for milling, 
drilling, reaming, and chamfering and an indi- 
vidual lead screw feed for tapping. 


LANDIS TooL COMPANY 


Several advanced examples of automatic pro- 
duction lines involving grinding operations were 
exhibited at the stand of the Landis Tool Com- 
pany, Waynesboro, Pennsylvania. Fig. 32 shows 
one such line comprising three different grinding 
machines with automatic transfer equipment 
being employed in the production of ball bearing 
outer races. Co-operating in this joint venture 
were the Landis Tool Company, the Gardner 
Machine Company, Beloit, Wisconsin, and the 
Bryant Chucking Grinder Company, Springfield, 


port is not within tolerance, 
unloading mechanism will not 
complete its cycle. 
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Fig. 30—Diagram of work flow and operational sequence on automatic piston machining line, (left) station 1, (right) station 2 
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Fig. 31—Cross automatic transfer machine for production of automobile crankshaft main bearing caps 


Vermont. To start the three-way cycle involved 
in this production line, workpieces are placed in 
a vibrating hopper and transferred automatically 
to the loading mechanism of the first machine 
in the line, a Gardner ‘“* 2H30”’ 26in precision 
horizontal double-disc grinder. Using the 
through-feed method of grinding, the parallel 
sides of the rings can be: ground to size auto- 
matically in this machine at the rate of 6000 per 
hour. Stock removal is in the range of 0-006in 
to 0:008in, with 0-000lin flatness, 0-0002in 
parallelism, and 0-000Sin uniformity tolerances 
being obtained. Loading, sizing and transfer 
of the parts is done automatically, and sizing 
control is maintained automatically by a Sheffield 
“Plunjet’’ and gauging anvil “ Lectrolair”’ 
control. After the sides are ground, the parts 
are automatically unloaded into the transfer 
mechanism for delivery to the second machine, 
a Landis No. 124 centreless grinder. 

The Landis grinding machine employs a new 
method of loading and grinding in this operation 
known as stack grinding. Parts are delivered and 
the outside diameters are ground in multiples of 
ten parts per loading cycle. This is done by an 
automatic receiving and stacking of the work 
parts in the loading device before they are loaded 
between the grinding wheel and the regulating 
wheel of the machine. While this method pro- 
vides for the simultaneous grinding of multiple 


parts, it also ensures more accuracy than previous 
grinding methods. A built-in automatic feeding 
mechanism controls the diameter size by feeding 
the grinding wheel head into the work. The rate 
of feed is preset by adjusting the feed rate valve. 
An automatic dressing cycle can be set to dress the 
grinding wheel after any predetermined number 
of loading cycles. Used with this cycle is a com- 
pensating device which automatically feeds the 
wheel head in the amount required to compensate 
for reduction of wheel size by dressing. When the 
parts are.ejected from the centreless grinder, they 
pass automatically through a Sheffield air gauge 
which permits quick and easy control of quality. 
At this point, the parts are again picked up by 
the transfer mechanism and conveyed to the 
last machine in the line, a Bryant “ 2209-G”’ 
automatic internal grinder. 

The Bryant grinding machine is equipped 
with a centreless shoe fixture and a magnetic 
work driver with an automatic radial diamond 
holder. This holder arrangement permits the 
dressing of the correct shape on the grinding 
wheel for grinding the internal ball race. The 
grinding of the race diameter is controlled by 
diamond sizing. To speed production, the 
machine is cycled to dress only at intervals, not 
for each work part, as is done normally. The 
machine cycle can be altered to dress the wheel 
at any desired number of pieces by simply turning 





Fig. 32—Landis-Gardner-Bryant automatic grinding line for production of ball bearing outer races 
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the dial situated on the machine control panel. 
A post gauge, combined with a feed compensating 
mechanism in the machine, keeps the component 
size within the required tolerances. After 
internal grinding, this gauge measures each 
raceway diameter. The resulting information 
is analysed to determine the trend of size varia- 
tion. If the trend is of sufficient importance, a 
signal is sent to the feed compensating mechanism 
in the machine. Over-size and under-size parts 
are thus rejected by the gauge. 

Another interesting automatic production 
line exhibited is the installation shown in Fig. 33, 
on which valves for internal combustion engines 
can be automatically ground at extremely high 
rates of production. In this line, two Landis 
grinders and one Gardner disc grinder are 
combined to grind the valve stem, the tapered 
valve seat and the length of the valve stem. The 
process incorporates automatic loading and 
unloading, automatic grinding cycles, and auto- 
matic transfer devices. The grinding cycle is 
started by loading the valves into a vibrating 
hopper. At this point they are picked up and 
transferred automatically to a Landis No. 124 
centreless grinder. This machine finish grinds 
the diameter of the valve stem. Here the work 
is fed into the grinding wheel by means of the 
regulating wheel which is dressed in the form of 
a cam or eccentric. One revolution of the 
regulating wheel is required to finish grind the 
valve stem to size. The grinding machine is 
capable of producing at the rate of 1200 pieces 
per hour. Stock removal from the valve diameter 
is 0-003in, and tolerance is held within 0-O00lin. 
When this operation is completed the part is 
ejected and automatically transferred to the 
loading mechanism of a Landis type “ H ” valve 
face grinder. This machine finish grinds the 
tapered valve seat to an allowable maximum 
run-out of 0-002in after removing 0-005in of 
metal from this surface. The machine has 
automatic in-feed of the wheel head, and this 
feeds the grinding wheel into the work by the 
amount needed to hold the specified tolerances. 

Both of the above machines are equipped with 
an automatic dressing cycle which can be set to 
function at any predetermined quantity of parts. 
Operating in conjunction with this dressing cycle 
is an automatic compensating device which 
enables the machine to hold original work size 
by advancing the wheel head by an amount 
equal to the wheel reduction by dressing. After 
the valve seat grinding cycle is completed, the 
part is automatically ejected into the transfer 
mechanism and carried to a Gardner No. 
723-23in dual head valve grinder for the final 
operation. At this point the stem end is ground 
to length. This machine finish grinds the stem 
ends at a rate of 2400 per hour. The stock 
removal is in the range from 0-028in to 0-038in. 
The squareness is held within 0-004in total 
indicator reading, with reference to the outside 
diameter of the stem, and the uniformity required 
is 0-004in from stem tip to gauge line. The 
valves from the Landis grinder are loaded in a 
twenty-one station rotary carrier on the Gardner 
machine by a chain loader. The stock removal 
is obtained by progressive grinding, semi-finishing 
on the front disc and finishing on the second disc. 
Two microswitch sizing heads size the parts 
automatically through individual head feed 
control. The machine employs a wet grinding 
system with a coolant reservoir within the bed, 
and coolant distribution is through four nozzles 
in the hood. 

Fig. 34 shows an individual grinding machine 
equipped with a feed-back device to facilitate 
fully automatic high-production grinding of ball 
bearing inner races. At the Show, this Landis 
4in concentric grinding machine was set up to 
grind inner bearing races at the rate of 250 per 
hour to a tolerance of 0-0005in on the diameter, 
with a stock removal from the parts of 0-016in. 
Among the special equipment fitted to this 
machine are automatic work loading and 
unloading devices, a hydraulically operated 
automatic wheel dresser, a counter on the 
dresser to control dressing intervals, a dress pass 
counter for the number of diamond passes over 
the wheel, a compensating feed to the feed hand- 
wheel, special hand-wheel feed mechanisms and 
controls to accommodate feed-back signals from 
a quality control gauging device. 

To start the grinding operation, bearing races 
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Fig. 33—Landis-Gardner automatic grinding line for production of internal combustion engine valves 


with previously ground bores are placed in a 
hopper and automatically elevated to the grinder 
loading chute. The loading arm moves from 
its back position, picks a part off the loading 
chute and carries it forward to a magnetic chuck 
where a positive stop locates the workpiece. 
The grinding cycle begins automatically when 
the loading arm reaches its extreme forward 
position. Special work-supporting devices posi- 
tion and hold the work while the grinding portion 
of the cycle is in process. At the end of the 
grinding cycle, the part is picked up by the 
loading arm and deposited in the discharge 
chute. This chute directs the finished piece to a 
post gauge for measurement and the resulting 
size information is fed to a process controller. 
The process controller feeds all sizing informa- 
tion back into the machine for whatever adjust- 
ment may be required to produce correct part 
size. Proper machine setting is then accomp- 
lished automatically. 

An interesting loading and unloading device 
was demonstrated by the firm in conjunction 
with its 16in by 40in type “ H-IW”’ multiple 
wheel hydraulic grinding machine, illustrated in 
Fig. 35. It has been found that multiple dia- 
meters can be ground simultaneously, and at 
much higher production rates on this machine 


Fig. 34—Landis 4in concentric grinding machine for production of 
ball 


bearing inner races 


now that the work is being loaded and unloaded 
automatically. The machine illustrated grinds 
five main bearings and the oil seal diameter of a 
** V-8 ’’ engine crankshaft in one operation. The 
production rate is thirty-two shafts per hour and 
stock removal is from 0-020in to 0-025in on 
each diameter. The multiple wheels and the 
automatic handling of the work ensures a closer 
degree of accuracy and concentricity in the 
finished pieces. Each-shaft is placed in position 
for grinding and, at the completion of the 
grinding cycle, is carried to the opposite end of 
the machine and unloaded. The loader has two 
sets of loading and unloading fingers, which 
move by hydraulic power across a rail transfer 
fixture. 

When the workpiece has moved in place and 
the operator pushes the button starting the 
grinding cycle, the loader returns to the loading 
position and the work rotation starts. The 
unloading fingers are in position to pick up the 
finished work and move it to the next operation. 
The wheel head feeds in rapidly until the wheels 
are about to come in contact with the work. 
At this point they slow down to the predeter- 
mined slow grinding feed. As the work 
approaches size and the wheel feed comes against 
the positive stop, the sizing gauges move into 


-effect 
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position. When size is reached the wheel head 
automatically retracts to the back position. The 
work stops rotating, the work rests recede, and 
the shaft drops automatically into the loadj 
device. This carries the workpiece to the other 
end of the machine for discharging. The head. 
stock is arranged in such a manner that the work 
drive pin always stops at a point convenient for 
the automatic loading just described. A work 
rest with hydraulically operated shoes comes 
into play automatically at the proper time in the 
cycle. 


JONES AND LAMSON MACHINE COMPANY 


In recent years there has been much interest 
expressed in automatic machine tools operated 
by numerical control. An outstanding example 
of such applications of numerical control by 
means of punched tape was shown at the stand 
of the Jones and Lamson Machine Company, 
Springfield, Vermont, and is illustrated in Fig. 36, 
Developed especially to fill the need for a truly 
versatile automatic turret lathe, this Jones and 
Lamson No. 7A-24 NC machine was designed 
and built for numerical control by punched tape, 
While the present machine is experimental, with 
approximately the same dimensional and power 
capacity as the firm’s standard No. 7A saddle- 
equipped turret lathe, the standard feed and 
fast motion drives have been replaced with drives 
especially designed for the numerical control 
system. In addition, a new headstock design 
has been introduced which provides sixteen 
speeds, shifted with friction clutches, as well as a 
new design of saddle with a geneva-motion 
turret indexing mechanism. 

Completely controlled by punched tape, the 
machine is automatically cycled and provides 
rectilinear motions with precise control at the 
end points. It does not produce contours in 
the manner of the well-known milling machine, 
developed by the Servo-Mechanisms Laboratory 
at the Massachusetts Institute of Technology, by 
simultaneously co-ordinating two or more 
motions. Instead, the tape delivers commands to 
the three motions in the form of end-point posi- 
tions and speeds. In addition to these com- 
mands, the tape controls: (1) the choice of 
sixteen spindle speeds, at any time and without 
stopping the spindle ; (2) the indexing of the six- 
position turret to any face at any time ; (3) the 
indexing of the four-position turret on the cross 
slide to any face at any time ; (4) the operation 
of the hydraulically powered collet chuck and 
bar feed ; (5) the coolant supply ; (6) the hood 
position ; and (7) the resetting of the tape to 
repeat the cycle. 

The thirty-two-speed geared headstock has 
two ranges of sixteen speeds, forward and reverse, 
all obtained from a constant-speed drive motor. 
The high or low-speed range is manually selected, 
according to the work diameter, and then any one 
of the sixteen speeds can be automatically 
selected by the tape control. Solenoid-operated 
hydraulic valves control the clutch operation to 
speed changes without stopping the 


Fig. 35—Landis 16in by 40in multiple-wheel hydraulic grinding machine 
for production of crankshafts 
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Fig. 36—Jones and Lamson No. 7A-24NC automatic turret lathe with numerical control by punched tape 


machine. An independent motor indexes the 
six-position turret at any position along the bed, 
through the geneva motion. -For each operation 
the desired turret face is coded and punched into 
the tape. Thus any face can be brought into 
position at any time. Once started, the geneva 
driver continues to turn the turret until the required 
face comes into position. Thus, all machine 
functions are determined by the punched tape, 
which uses binary-number coding to obtain 
maximum utilisation of the tape space. Tools 
have been developed which are preset to gauges 
for a given dimension. Therefore as soon as it 
has been determined that a part should be pro- 
duced on the turret lathe, this system makes it 
possible to obtain a drawing, code the necessary 
information, punch a tape, set the tools, and make 
a part without further tool adjustment. The tape 
is readily modified to change the sequence or 
dimensions in any cycle, 

Three sources of information are available to 
the machine in its present form : for automatic 
operation there is the punched tape ; for manual 
operation of the machine there is a panel of push 
buttons and switches which can be used to inch 
the motions and to select any of the available 
feeds and speeds ; finally, for emergency opera- 
tion there is a hand crank which can be inserted 
into any of the gearboxes to move the tools. An 
individual hydraulic servo system, controlled 
by a precision lead screw, powers each of the 
three tool motions : carriage, cross slide and 
saddle. The lead screw is turned either at high 
speed by a 4/,) h.p. fast-motion motor or at slower 
speeds by a 2/95 h.p. normal feed motor. These 
two motors drive each lead screw through an 
epicyclic differential transmission. All of this 
equipment operates at very low power because 
the lead screw does not drive the tool slide 
directly, but simply controls the hydraulic servo- 
mechanism. Thus the only load on the screw is 
in stroking the servo valve. The 1/2, h.p. feed 
drive is a variable-speed, thyratron-controlled 
motor. It provides a choice of sixteen feed rates, 
which are selected either by the tape or by 
Switches at the control panel. This. thyratron 
control constitutes the only electronic equipment 
in the machine control. The rest of the system 
comprises commercially available telephone 
relays. Geared directly to each lead screw is a 
device called “ Binotrol,” which, in effect, 
divides the total angle turned by the lead screw 
for the full stroke of the tool slide into approxi- 
mately 30,000 parts. In other words, for each 
thousandth of an inch of travel along the ways 
“Binotrol” produces an individual electrical 
signal, This is the feedback and gives the actual 
Position of the tool slide. 

_ This feedback signal is compared with a similar 
signal from the punched tape reader, which 
represents the desired position of the tool slide. 
The set of relays comprising the comparison 
circuit interprets the result and gives commands 
to the motors, telling them in which direction to 
go and anticipating the end point by a certain 


distance, depending upon the speed of travel, so 
as to reach the actual end point at a creep rate 
that will prevent overshooting and damaging 
work or tools. As described, the Sin wide 
plastic tape performs many functions. A single 
space across the tape can contain a maximum of 
thirty-two holes, although an information pattern 
very rarely calls for all thirty-two. The tape 
reader detects the presence or absence of each 
of the holes in an entire row simultaneously, in 
the manner of a punched card tabulating 
machine, by making electrical contact through 
the holes. Each row of holes is one command 
to one motion to travel to a certain location 
at a certain feed rate with a certain spindle speed. 
Each change of speed or position requires a 
separate row of holes and about lin of tape 
length is required for each cutting operation 
performed by the lathe. The binary number 
coding used makes it possible to measure 
32:767in in increments of 0-OOlin using 
only fifteen digits: thus each hole position, 
across the tape, starting with one, is double its 
predecessor as 1, 2, 4, 8, 16, 32, 64, 128, 256, 
512, 1024, 2048, 4096, 8192, and 16,384. By 
selecting’ a series of holes or digits any number 
from 0-001 to 32-767 is obtained much in the 
same manner as adding gauge blocks. This 
system is used for measurement. 

For selecting a function the same kind of hole 
in a different location on the tape is used in a 
variation of the binary code. .Two digits permit 
four possible functions: no holes, first hole 
punched and second hole blank, first hole blank 
and second hole punched, and both holes 
punched. As each of these combinations appear 
on the tape it selects a specific function. 
Three holes permit eight possibilities. Five 
holes give the user a choice of thirty-two 
functions. 
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Trinity River Reclamation Project 

in California 

Tue Trinity division of the Central Valley 
project in California has now been authorised 
for construction, in a Bill passed by Congress 
and signed into law by the President. The 
scheme will provide an additional 1,190,000 
acre-feet of water for use in the Central Valley 
and, as a minimum, will add 233MW of installed 
hydro-electric capacity to the power supply of 
the area. The Trinity River development is 
considered to be the next logical step in utilising 
the water resources of this area, and the authorisa- 
tion comes on the heels of the completion of the 
Folsom and Nimbus dams on the American 
River, which are also a part of the Central Valley 
reclamation project. 

The Trinity River development includes a 
450ft earth and rockfill dam and power station 
on the Upper Trinity River, the Lewiston 
Diversion dam and power station, the Tower 
House tunnel and power station, and the 
Matheson tunnel and power station. The 
authorising legislation requires the U.S. Secretary 
of the Interior to investigate and report to 
Congress within eighteen months on the feasibility 
of an arrangement for non-Federal installation 
of the power facilities, with payment to the 
Government for the right to use falling water. 
As originally planned, the power development 
would be constructed by the Government and 
integrated with the four other power stations 
in the Central Valley project system, at the 
Shasta, Keswick, Folsom and Nimbus dams. 
It has been estimated that the costs of an all- 
Federal development of the project will be 
219,202,000 dollars if the Government installs 
the power facilities and 154,191,000 dollars if 
the power facilities are installed by some non- 
Federal agency. 

The Trinity River development will divert 
approximately 704,000 acre-feet of surplus water 
annually from the Trinity River into the Sacra- 
mento River, just below Shasta dam, where it 
will add 1,190,000 acre-feet of water to Central 
Valley irrigation supplies. The water will meet 
the ultimate needs of the 205,000 acres of land 
served by the Sacramento Canals unit, which is 
now under construction. 





U.S. Navy Turbo-Jet Aircraft 


THE accompanying illustration shows the new 
“FJ-4 Fury” turbo-jet aircraft of the U.S. 
Navy, which is now in production at the 
Columbus Works of North American Aviation, 
Incorporated. It has shed the traditional sea- 
going Navy blue for a two-toned grey and white 
coat. The new colours were chosen to make the 
aircraft more difficult to identify in flight. The 
colour scheme, gull grey at the wing root level 
and above and white below, extends from air 
scoop to tail pipe. The “* FJ-4 Fury ” is capable 
of speeds in excess of 690 m.p.h. and is powered 
by a Curtiss-Wright ‘“ J-65-W4”’ turbo-jet 
engine of 7800 lb thrust. It has a high rate of 
climb and may also serve as a carrier of special 
externally stored weapons. 





‘* FJ-4 Fury ”’ turbo-jet aircraft of the U.S. Navy, 
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Personal and Business 


Appointments 


Mr. M. H. RuTLEDGE has been appointed sales 
manager of the “ Filtrall’ division of C. A. Swales 
(Filters), Ltd. 

Mr. M. E. O’KEEFFE TROWBRIDGE has been 
appointed a director of Sharples Centrifuges, Ltd., 
Tower House, Woodchester, Glos. 


BritisH INDUSTRIAL PLastics, Ltd., Oldbury, near 
Birmi announces the appointment of Mr. 
M. R. Neville as group publicity manager. 

THE MINISTER OF TRANSPORT AND CIviIL AVIATION 
has appointed Mr. C. J. Geddes to be a part-time 
member of the London Transport Executive. 


Mr. A. D. Smart has been appointed secretary, 
and Mr. K. G. Platt has been appointed chief 
accountant of the British Oxygen Company, Ltd. 


Mr. H. A. A. Wuie, London office manager of 
The United Steel Companies, Ltd., has been appointed 
a director of Workington Iron and Steel Company, 
Ltd. 


Tue British TRANSPORT COMMISSION announces 
the appointment of Mr. L. P. Wall as district engineer 
(Midland), South Western division of British Trans- 
port Waterways. 


THE MINISTER OF TRANSPORT AND CiIviL AVIATION 
has nominated Sir William D. Robieson to serve as 
Government director on the board of David Mac- 
Brayne, Ltd., in succession to Lord Cameron. 


Mr. J. A. R. Kay has been appointed general 
manager of A. V. Roe and Co., Ltd. Mr. Kay, 
who is a director of the company, is at present 
executive assistant to the managing director, Sir Roy 
Dobson. 

THE PRESIDENT OF THE BOARD OF TRADE has 
appointed Mr. C. H. G. Millis to be a part-time 
member of the National Research Development 
Corporation. This appointment is for a period of 
three years. 

SHELL-MEX AND B.P., Ltd., announces the follow- 
ing appointments : Mr. G. A. Baxter, group manager 
responsible for the northern divisions ; Mr. C. A. 
R. Mott, manager of the kerosene and agricultural 
department. 


Lioyp’s REGISTER OF SHIPPING states that Mr. G. 
Buchanan, principal surveyor at Sunderland, is to 
be transferred to the head office at 71, Fenchurch 
Street, London, E.C.3, for responsible duties on the 
ship surveyor’s staff. 

Tue ScortisH AREA BOARD OF THE BRITISH TRANS- 
PORT COMMISSION states that Mr. James Ness has 
been appointed general manager of the Scottish 
Region of British Railways, in succession to the late 
Mr. A. E. H. Brown. 


Sm WALTER DRUMMOND and Professor N. F. 
Motr have been appointed by the Department of 
Scientific and Industrial Research as visitors to the 
Electrical Research Association in succession to Dr. 
P. Dunsheath and Professor J. T. Randall. 


Sunvic ConTROLs, Ltd., 10, Essex Street, Strand, 
London, W.C.2, announces the following appoint- 
ments :—Mr. O. L. Welborn, general representative 
for the South-West area and Mr. W. J. Donnelly, 
technical representative for the Midlands. 


THE NATIONAL COAL BOARD announces the 
appointment of Mr. R. F. Lansdown as chief mechani- 
sation engineer in the production department at 
headquarters. At present, Mr. Lansdown is mechani- 
sation engineer in the East Midlands division. 

Mr. SACHE ROSENHAUPT, a structural engineer 
from Haifa, who studied in the United Kingdom on a 
British Council scholarship, has been appointed 
director of a new laboratory for structures which is 
being built at Haifa as part of the Building Research 
Station. 

THe LONDON DIVISION OF THE CENTRAL ELEC- 
TRICITY AUTHORITY announces the appointment of 
Mr. A. H. Chandler as superintendent at West Ham 
power station. He has been deputy superintendent 
since 1950, and now succeeds Mr. W. T. Spittle, who 
is retiring. Mr. Spittle joined the staff at West 
Ham in 1906, and has been superintendent at the 
station for the last five years. 


Business Announcements 


A. SHANKLAND, Ltd., has moved to Gospel 
Works, Oak Village, Mansfield Road, London, 


Oak 
N.W.S5. 

Mk. T. H. R. Perkins, director and export manager 
of F. Perkins, Ltd., Peterborough, is engaged on a 
round-the-world business tour. 


G. 


CABLE AND WirRELEsS, Ltd., states that its head 
office has now been moved to Mercury House, 
110-124, Theobalds Road, London, W.C.1 (telephone, 
Chancery 4433). 


THE Logwy ENGINEERING ComPANY, Ltd., states 
that its London office is now at 1, Albemarle Street, 
W.1 (telephone, Hyde Park 9959; telegrams, 
Loewyworks, London). 


THe INSTITUTION OF BRITISH AGRICULTURAL 
ENGINEERS is moving its headquarters on November 
28th to 6, Buckingham Gate, London, S.W.1 (tele- 
phone, Tate Gallery 8589). 


Mr. W. FILLINGHAM Brown, M.I.C.E., formerly 
chief engineer to the Colne Valley Sewerage Board, 
is now practising as a consultant on all matters 
concerning public health engineering. His office 
address is Dacre House, Victoria Street, London, 
S.W.1 (telephone, Abbey 4017). 


THE PiessEy Company, Ltd., Ilford, announces 
the formation of a new company entitled The Plessey 
Development Company, Ltd., which is to control the 
development of new enterprises of the group in this 
country. Mr. A. G. Clark is the chairman and 
managing director of the new company. 


ASSOCIATED ELECTRICAL INpustriges, Ltd., has 
been appointed to act as consultant to the Indian 
Government in a major project to create a heavy 
electrical manufacturing industry in India. This 
appointment is for a basic period of fifteen years, 
during which time A.E.I. will provide in India a 
resident engineer and other technical specialists and 
will advise on the construction of factories, the 
general arrangement and procurement of plant, 
machines and equipment, and on the preparation of a 
suitable training scheme. 


SHaw Processes, Ltd., states that, under an 
agreement with Metropolitan-Vickers Electrical Com- 
pany, Ltd., it now has the exclusive right to arrange 
sub-licence agreements relating to the “ Investment 
X” process of precision casting. Arrangements 
have also been made for the formation of a company 
to be named the Shaw Processes Development Cor- 
poration, Incorporated, which will establish demon- 
stration plant and a laboratory at Long Island and 
will grant licences in respect of the Shaw precision 
casting process throughout the U.S.A. and Canada. 


Contracts 


GAMMON (PAKISTAN), Ltd., has secured a contract 
worth 63,000,000 rupees for the construction of a 
barrage at Gudu, on the River Indus, about 400 miles 
north-east of Karachi, to protect existing cultivated 
areas in the Upper Sind and parts of Baluchistan. 
The scheme will bring a further 2,300,000 acres under 
cultivation besides helping to control floods which 
have now become an almost annual disaster in this 
part of West Pakistan. Completion of the project is 
expected by the end of 1959. 


Miscellanea 
Uses OF THE Mour Circe Pove.—In this article, 
published in our issue of November 11th, there was 
an unfortunate error. The diagrams of Figs. 4 and 5 
were transposed. Our apologies are due both to the 
author of the article, Mr. T. F. W. Smith, and to 
readers. 


NATIONAL AERONAUTICAL ESTABLISHMENT.—The 
Ministry of Supply states that, from December Ist, 
the National Aeronautical Establishment at Bedford 
will be known as the Royal Aircraft Establishment, 
Bedford. The establishment was opened in 1946 
to supplement the work of the R.A.E., Farnborough. 


1L.B.A.E. WesTERN CENTRE.—The Institution of 
British Agricultural Engineers has recently formed a 
Western Centre, covering mainly the counties of 
Monmouth, Gloucester, Hereford, Wiltshire, Somer- 
set and Dorset. Meetings of the centre will be 
held at Bristol and Chi . Mr. H. T. Horsman 
is the chairman of the new centre, and Mr. J. R. 
Robertson, honorary secretary. 


FarADAY House Otp STupDENTs’ AssOcIATION.— 
The annual dinner of the Faraday House Old 
Students’ Association was held in London on October 
28th, under the chairmanship of Mr. C. C. Inglis, the 
president of the Association. The toast ‘‘ Faraday 
House ” was proposed by Sir William Penney, of the 
U.K. Atomic Energy Authority, who referred to 
Faraday House as a pioneer of the “‘ sandwich ” 
system of education and training, and commented 
on the fact that the Authority had adopted a variant 
of the “ sandwich” system. Dr. W. R. C. Coode- 


Adams, who replied to the toast, spoke of the origins 
of Faraday House in the standardising department 
and of the changes that had taken place since, includ. 
ing the introduction of a three-year full-time course 
as an alternative to the familiar ‘* sandwich ” course. 


EXCHANGE OF STUDENTS FOR TECHNICAL Exprri- 
ENCE.—The International Association for the 
Exchange of Students for Technical Experience has 
issued its eighth annual report. The Association was 
formed in 1948, and now has twenty-one member 
countries. In Great Britain, there are thirty-one 
universities and colleges affiliated to the central 
organisation which has been established for the 
interchange of students for practical experience in 
industry abroad. The periods extend from eight to 
twelve weeks, according to the courses of study being 
pursued. During the summer vacation this year 
5153 students were received by the twenty-one 
member countries, compared with 4267 last year. 
Of this year’s total, Great Britain received 728 
students, Sweden 1037 and Germany received 1043. 
A table in the report which shows the “ industry 
distribution ” of the students throughout the twenty- 
one participating countries indicates that 259 were 
engaged in chemical engineering, 567 in civil engineer- 
ing, 793 in electrical engineering, 1120 in mechanical 
engineering, 298 in metallurgy, and that 111 were 
engaged in naval engineering and shipbuilding. The 
general secretary of the Association is Mr. J. Newby, 
Imperial College, South Kensington, London, S.W.7. 


SAND AND GRAVEL CONSUMPTION IN WALES AND 
THE SouTH West.—The Ministry of Housing and 
Local Government’s advisory committee on sand 
and gravel has published a report on sand and gravel 
requirements in Wales and south-west England. It is 
pointed out that a large proportion of the sand and 
gravel production in the gravel regions of Wales 
and the south-west of England comes from sources 
which make no demands on agricultural land. The 
report is mainly confined, therefore, to a general 
survey of the geology, sources of production, past 
and present outputs, and probable future demand, 
with the addition, where possible, of an assessment 
of the extent of reserves and any special problems. 
In the Axe Valley, however, where productive agri- 
cultural land is worked, the committee has specifically 
recommended the allocation of enough land to 
enable the production of sand and gravel to continue 
for fifty years at the estimated demand. The com- 
mittee has estimated that the average annual demand 
for sand and gravel in these regions for the next 
fifty years is likely to be 2-1 million cubic yards ; 
1,000,000 cubic yards from Wales and 1-1 million 
cubic yards from south-west England. This is the 
last report to be published by the committee, which 
was appointed in 1946 to make recommendations on 
future policy for controlling the excavation of sand 
and gravel. Two general reports and sixteen regional 
reports have now been published. 


SYMPOSIUM ON THE STRENGTH OF CONCRETE 
STRUCTURES.—A symposium on the strength of 
concrete structures is to be held at the Institution of 
Civil Engineers from May 16 to 18, 1956 ; it is being 
organised by the Cement and Concrete Association 
in conjunction with the Joint Committee on Structural 
Concrete The provisional programme for the 
symposium is as follows :—First session: ‘* Some 
Aspects of Structural Loading,” by Dr. M. R. Horne ; 
“The Problem of Safety in Reinforced Concrete 
Structures,” by Dr. Arne I. Johnson ; “‘ Factors of 
Safety,’ by Professor A. G. Pugsley. Second session : 
“* Strength of Concrete Members in Combined Com- 
pression and Bending,” ‘Strength of Concrete 
Members in Combined Bending and Torsion,” by 
Mr. S. Armstrong ; “ Strength of Prestressed Con- 
crete Members,” by Professor C. P. S 2ss ; “* Strength 
of Concrete under Compound Stress,” by Mr. A. J. 
Harris ; ‘“‘ Moment Redistribution in Continuous 
Beams Reinforced with Plain and Deformed Bars,” 
by Dr. K. Hajnal-Konyi and Mr. H. E. Lewis. Third 
session: ‘Strength of Statically Indeterminate 
Reinforced Concrete Structures,” by Professor A. L. 
L. Baker; “Strength of Statically Indeterminate 
Prestressed Concrete Structures,” by Monsieur Y. 
Guyon; “Strength of Continuous  Prestressi 
Concrete Beams and Frames,”” by Dr. P. B. Morice 
and Mr. H. E. Lewis. Fourth session: ‘ The 
Strength of Concrete Walls,” by Mr. A. E. Seddon ; 
“Strength of Concrete Members under Dynamic 
Loading,” by Mr. S. C. C. Bate ; “ Strength of Slab 
Deck Bridges,” by Dr. P. B. Morice and Mr. G. 
Reynolds. Fifth session: “ Ultimate Strength of 
Reinforced Concrete in American Design Practice,’ 
by Dr. E. Hognestad ; “ Ultimate Strength Design 
and Building Regulations : Future British Practice,” 
by Dr. D. D. Matthews. Membership of the sym- 
posium is free. Application for membership should 
be made to the Cement and Concrete Association, 
52, Grosvenor Gardens, London, S.W.1. 
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British Patent Specifications 


When an invention is communicated from abroad the name and 
address of the lor are printed in italics, When an 

ement is not illustrated the specification is without drawings. 
The date first given is the date of — ; the second date, 
at the end of the abridgement, is the date of publication of the 
complete specification. Copies of specifications may be obtained 
at the Patent Office Sales Branch, 15, Southampton Bulldings, 

Chancery Lane, W.C.2, 3s. each. 


INTERNAL COMBUSTION ENGINES 


737,848. December 2, 1953.—IMPROVEMENTS IN 
LUBRICATING MEANS WITH A LUBRICANT COOLER, 
Daimler-Benz Aktiengesellschaft, of Stuttgart- 
Unterturkheim, Germany. ; 

The invention relates to a lubricating means for 
internal combustion engines with a lubricant cooler, 
to which the lubricant is fed from the oil sump or oil 
supply of the engine. The drawing shows one con- 
structional example of the invention. From the oil 
sump A of the engine B the lubricating oil is fed by a 
pump C to an oil cooler D, from which it is drawn by 
a second pump E and supplied through the oil filter 
Fto the lubrication points G, inter alia more especially 





to the main bearings H of the crankshaft. From 
there the lubricating oil flows back again, as oil 
spray, to the sump A of the engine. The pumps C 
and E can be arranged at any suitable position on 
the engine, as in the crank casing. Preferably, they 
form a common assembly with a single shaft. In the 
oil circuit, between the cooler D and the pump £, is 
an excess pressure valve J. This valve is set so that it 
reduces any excessive pressure which may occur in 
the pipe from the pump C and provides favourable 
suction conditions for the pump E. An excess- 
pressure valve K in advance of the lubrication points G 
is adjusted according to the pressures necessary for 
the lubrication. The oil cooler may be arranged in 
the radiator of the engine.—October 5, 1955. 


737,966. September 7, 1953.—ArmR CLEANERS, 
Rolls-Royce, Ltd., Nightingale Road, Derby. 
( Inventor : John Radcliffe Read.) 

The invention concerns improvements in air 
cleaning arrangements for oil engines. The cleaner 
comprises an intake pipe by which the air is led down 
into an oil bath through which it is discharged, 
flowing thence upwards through porous filter elements 
and so to the induction pipe. Such an air cleaner is 
very efficient but may have two defects. First, 
small particles of dust may pass through the porous 
filter elements and build up on the wall of the induc- 
tion pipe, eventually forming a solid layer which may 
flake off in large pieces and pass into the engine. 
Secondly, where engine is used on a vehicle, 
violent movement of the vehicle can cause oil to be 
drawn through the filter with the air. and pass into 
the engine, where it will be burnt with the normal 
fuel oil, increasing the engine output beyond that 
desired by the driver. The invention has for its 
object the avoidance of these defects. In the drawing 
A is an oil bath filter referred to, into which the air is 
drawn under a cowl B connected with the filter by 
pipe C, and from which it passes through pipe D, 
which is joined to pipe E by a hose F. The settling 
chamber consists of a metal cylinder G brazed at 
its base to a central vertical pipe H with a cover at 
the top J, held in position by a series of spring catches 
K. A cowl M is provided above the top of pipe H 
supported on metal struts L. The end of pipe E 
is turned in to discharge air tangentially into the 
settling chamber G. Air leaving the filter A passes 
through pipes D and E and is discharged into the 
cylindrical settling chamber G in a tangential direction 
SO as to flow around the central pipe H. The air is 
discharged also in a slightly downward direction. 
Although the air is discharged downwards, however, 
the base of the chamber G will not be swept by the 
air stream and will form a wall into which the particles 
extracted from the air will settle. The oil and dust 
entering the settling chamber being heavier than air 
will, by centrifugal force, be thrown out against the 
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walls of the chamber. These will become covered 
with an oil film which will help to trap the dust 
particles. Other particles under the force of gravity 
collect in the well. Oil flowing along the walls of 
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pipe E will be caught by the lip N befere it enters the 
settling chamber and drained downwards through a 
gap O. The air entering the settling chamber flows 
around pipe H, up the settling chamber into the 
top of pipe H under cowl M and to the induction 
pipe of the engine. A modified arrangement is also 
shown in the specification.—October 5, 1955. 


SMOKE DETECTING SYSTEMS 


738,017. November 24, 1952.—ExHAUSTER FOR 
SMOKE DeTEcTING, The Walter Kidde Company, 
Ltd., Lux Works, Belvue Road, Northolt, 
Middlesex. (Inventor: Frederick Barber.) 

The invention relates to exhausters, primarily 
designed for marine smoke detecting systems, and 
its object is to provide an exhauster for a smoke 
detector or ventilating system in which the amount 
of noise arising from the motor and transmitted 
through the piping is reduced. As shown in the 
drawing, the construction consists of a central 
junction box A, which has a flange B for attachment 
to the piping system of a smoke detector to form the 
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inlet to the junction box and a pair of outlet orifices C. 
The outlet orifices C are each surrounded by a shallow 
conically-dished plate D to co-act with impellers E. 
Each impeller is attached directly to the spindle of an 
electric motor F. An impeller comprises a flat 
plate G with a number of ribs H attached to or formed 


integrally therewith. The motor and its impeiler 
rotor are positioned so that there is a small clearance 
between the impeller ribs and the dished plate D. 
A perforated metal guard attached to the junction 
box shields the rotating impeller. Although there 
are two motors and impellers located respectively 
close to the two outlets, in operation only one of 
these motors is running, the other motor being 
retained as a stand-by. Check-valves are provided 
to shut off each outlet orifice, when the impeller at 
the other orifice is in motion. The check valves each 
comprise a rubber flap J fastened only by its top edge, 
so that its lower edge is free to swing away from the 
abutment to allow the passage of air when suction is 
exerted by the corresponding impeller. The exhauster 
reduces mechanical noise by eliminating the direct 
metallic connection between the motor and the 
piping system.—October 5, 1955. 


POWER TRANSMISSION 


738,055. May 27, 1953.—FLuip-TiGHr SEALS FOR 
RECIPROCATORY OR ROTARY MEMBERS, Beldam 
Asbestos Company, Ltd., Lascar House, Staines 
Road, Hounslow, Middlesex. (Inventor : 
William Robert Beldam.) 

This invention relates to stuffing-boxes or seals 
for reciprocating or rotary members. The object of 


the invention is to provide an improved method of » 


producing spacer rings. Referring to the drawing, 
there is shown a gland or stuffing-box, the body of 
which is indicated generally at A, for use in association 
with a piston rod B. The stuffing-box is of the usual 
construction, embodying a neck bush C surrounding 
the rod at the inner end of the gland packing, a 
sealing ring D of ‘‘ U ’’-shape in cross-section being 
arranged around the rod with its grooved face E 
presented towards the neck bush C and the fluid 
pressure, and a gland cover F which is secured to the 
body A by bolts in order to hold the sealing ring D 
in position. The ring D is of known type having 
peripheral lips normally diverging away from one 
another so that they are pressed slightly together to 
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engage the ring D within the-stuffing-box.. When so 
engaged the outer surfaces of the lips will normally 
press, respectively, upon the internal wall of the box 
and the surface of the rod. Additionally, the pressure 
fluid contained in the cylinder is permitted to gain 
access to the groove E in the inner face of the sealing 
ring D so that it spreads the lips apart to apply 


(i) 
4 
a: 
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them with adequate pressure to the surfaces of the 
box and the rod. In order that the edges of the lips 
may be spaced somewhat from the neck bush a 
spacer ring G is interposed between the sealing ring 
and the neck bush. This spacer ring is produced 
from a suitable length of a helically twisted flexible 
rod of a material such as rubber, the rod being of 
square cross-section.—October 5, 1955. 


WORKSHOP TOOLS AND APPLIANCES 


737,395. October 14, 1952.—Too ts ror TIGHTENING 
AND REMOVING FERRULES, Crane Packing, Ltd., 
Berwick Avenue, Slough, Buckinghamshire. 
(Inventor : Samuel Clifford Walter Wilkinson.) 

The invention reiates to a tool for tightening and 
removing ferrules used for sealing tubes into 
the tube plates of heat exchangers. The tool as 

illustrated in the drawing comprises a shank A 

terminating in a parallel pilot or guide pin B 

designed to fit loosely within the bore of the tube C. 

Behind the pilot or guide pin B is a serrated plug D 

of tapered form, and this is followed by a threaded 

section E which carries a screwed sleeve F con- 
stituting the stop element, and a locknut G. The drive 
is transmitted to the flared mouth of the ferrule by 
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driving the serrated plug D into the ferrule mouth by 
light hammer blows on the top end face of the shank, 
the extent to which the serrated plug enters the 
ferrule being governed by th. position of the sleeve F, 
which is pre-adjusted. The ferrule is then driven 
home by rotating the tool until the point is reached 
at which the grip of the serrated plug D is overcome 
and the marks in the mouth of.the ferrule are cut 
away, as if with a reamer. Assuming that the flared 
mouth of the ferrule is machined to within reasonably 
close limits, the torque transmitted to the ferrule can 
be set accurately solely by adjustment of the sleeve F 
and its locknut G. For removal of the ferrule the 
sleeve F may be set further back to allow the serrated 
plug D to cut a fresh series of engaging grooves in the 
ferrule mouth. The tool, primarily intended for 
tightening and removing undamaged ferrules, may 
also be used for extracting damaged ferrules by 
driving the tool into the bore of the ferrule and then, 
after removal of the ferrule from the tube plate, using 
the sleeve F as an ejector or stripper to force the 
we -on ferrule off the tapered plug.— September 
28, 1955. 
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Launches and Trial Trips 


MicuaeL G. Livanos, cargo ship ; built by the 
Burntisland Shipbuilding Company, Ltd.,-for For- 
mentador, Compania Naviera S.A., Panama ; 
length between perpendiculars 435ft, breadth moulded 
59ft 94in, depth moulded to upper deck 39ft 6in, 
draught 29ft 3in, deadweight 11,800 tons ; five cargo 
holds, one. 30-ton and ten 10-ton derricks, electric 
deck machinery, three 150kW diesel-driven generators, 
one 35kW generator; Kincaid - B. and W. two-stroke, 
single-acting, diesel engine, seven cylinders, 620mm 
diameter by 1870mm stroke, 5500 b.h.p. at 120 r.p.m. 
Launch, October 17th. 


EDEN, cargo-passenger liner; built by Harland 
and Wolff, itd. for the Royal Mail Lines, Ltd. ; 
length overall 444ft 6in, length between perpendicu- 
lars 415ft, breadth moulded 58ft 6in, depth to shelter 
deck 38ft 4in, gross tonnage 7450 ; twelve passengers ; 
two complete steel decks, four main cargo holds, 
one 30-ton, four 10-ton and eight 5-ton derricks, 
electric deck machinery ; three 150kW diesel-driven 
generators, two vertical thimble tube boilers ; 
Harland and Wolff single-acting, two-stroke, opposed 
piston oil engine, six cylinders, 620mm diameter by 
1870mm combined stroke, 115 r.p.m.—Launch, 
October 19th. 

TRIASTER, passenger and cargo liner ; built at the 
Govan yard of Harland and Wolff, Ltd., for the 
British Phosphate Commissioners ; length between 
perpendiculars 485ft, breadth moulded 67ft 6in, 
depth moulded to shelter deck 42ft, deadweight 
12,000 tons ; forty-eight passengers ; two complete 
steel decks, six cargo holds, electric deck machinery, 
one 25-ton, two 10-ton and ten 5-ton derricks ; 
four 300kW diesel-driven generators ; two 500 tons 
per hour ballast trimming pumps; two Clarkson 
boilers ; one Harland and Wolff two-stroke, single- 
acting, "opposed piston oil engine, six cylinders, 
750mm diameter by 2000mm combined stroke, heavy 
fuel, 6500 b.h.p. at 110 r.p.m.—Trial, October 26th. 





Catalogues and Brochures 


Smmon-Carves, Ltd., Cheadle Heath, Stockport.—-Leafie 
describing the evaporative process for the production of quighate 
of ammonia. 

RENOLD Cuains, Ltd., Wyaeaane, Manchester.—Leafiet 
giving dimensions and prices of the range of “ Renold ” stock 
Pinions with alternative bore sizes and keyways. 

Grorce Kent, Ltd., Luton, Bedfordshire. —Publicaticn 
No. 380, giving details of a bi d Oy and temp 
specially designed for boiler-house instrumentation. 





BatLey METERS AND CONTROLS, Ltd., Purley Way, Croydon.— 
Catalogue No. E231, entitled “ Bailey Telemetering,’’ dealing 
with distant transmission, flow, level and pressure. 

THE Txomson-Houston Company, Ltd., Crown 
House, Aldwych, London, W.C.2.—Illustrated brochure dealing 
with the uses of ““ Mazda’ flash bulbs in photography. 

THe STABILAG COMPANY, Ltd, Mark Road, Hemel Hemp- 
stead.—Price list No. L4, giving details of electric jacketed 
—- for research and industry, including funnel jackets, 

beaker jackets, heating lapes, pipe and column jackets, vessel 
jackets, flask jackets, 8 muiti-bank units. 

Woops oF CoLcuester, Ltd., Braiswick W: ‘orks, Colchester, 
Essex.—Publication No. 1089, giving details of “* Aerofoil”’ 
fans for over 1100 different volume/pressure combinations from 
jh ows 55,000 cubic feet per minute, and from free air to 20in 

me contains eighteen pages of selection 
tables and Sl tenes data. 





Forthcoming Engagements 


Secretaries of Institutions, Societies, &c., desirous of having 

notices of meetings inserted in this column, are requested to note 

that, in order to make sure of their insertion, the necessary informa- 

tion should reach this off:ce not later than a fortnight before the 

meeting. In all cases the Time and PLACE at which the meeting is 
to be held should be clearly stated. 


BRITISH INSTITUTION OF RADIO ENGINEERS 
Thurs., Dec. 1st.—N.W. Section: Reynolds Hall, College of 
Technology, Sackville Street, Manchester, “The Latest 
ts in Computer Design,” J. Moore, 6.30 p.m. 
IERSEYSIDE SECTION : R 


. Thomas, H. Roberts and A. J. Kenward, 


6.30 p.m. 


BRITISH NUCLEAR ENERGY CONFERENCE 


at Nov. 30th.—Institution of Civil Engineers, Great George 
, S.W.1. At 2.15 p.m., wed 

peal Sir Christopher Hinton, “The United Ki 

Atomic Energy Project, ” Sir John D. Cockcroft ; “ The 
of Nuclear Energy in United Kingdom Power Development,” 
V. A. Pask and J. A. Duckworth. At 5.15 p.m., “ The Use of 
Research Reactors in Nuclear Power Development, ”" H. J. 
Grout; “ Health and ~~ in a Nuclear Power Industry,”’ 

S. McLean and W. H. Marley. 


CHEMICAL SOCIETY 
7 _ ., Dec. 1st.—Royal Institution, Albemarle Street, 7% 
W.1, “ Reactions of Radicals in Gaseous Systems,’’ E. W. R. 
Steacie, 7.3 p.m. 


INCORPORATED PLANT ENGINEERS 


Mon., Nov. 28th. aie Eeemion, Hotel, 
‘the Headlines,” F. 


BRANCH 
Ladies’ Evening, ‘‘ Behind 
Raybould, 7.30 AND E. YORKSHIRE BRANCH : 
The Universit; beets, = = Gas “Turbines in Industry,” J. R. 
Needham, 7. 
ridge Stret pe BRANCH : ll Hotel, 
erborough, “‘ Foundations and Underpinning 
of Buildings,” F . Pryke, 7.30 p.m. 
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Society of Arts, 


Tues., Dec. 6th.—LONDON Royal 
a Bonuses for 


BRANCH : 
John Adam Street, Adelphi, Cc. 2, 
Maintenance Workers,”’ A. S; ES ema yo 
BURGH : 3S, Ghariute Square, Edinburgh, “ An 
Introduction to Atomic Energy,”’ J. A. Dixon, 7 p.m. 


INDUSTRIAL WELFARE SOCIETY 
Tues., Nov. 29th.—Robert Hyde House, =. Bryanston Square, 
London, W.1, Conference, rsonnel and W: oitare 
Problems in the Smaller Firm,” 10 a.m. mie 


INSTITUTE rons 48 
ay S. Wease SecTio! S. Wales Institute of 
Cardiff, “ Wales Gas ERs ation 
wlice” Ee *M. Edwards, W. T. Hird, T. S. Ricketts 


ak 6 p.m. 
'h.—ScottisH SECTION : Merchants’ Hall, a 
uel Power Generation,”’ H. A. Davey, 6.30 p.m 


INSTITUTE OF MARINE ENGINEERS 
Nov. 2Sth.—JUNIOR LECTURE : Technical College, 
Ph “Gas Turbines.”’ J. 2.30 
Pp. : P gyre ——, Fa mouth, 
= Marine Diesel Engines,’’ A. G. Arnold, 7.30 p.m 


INSTITUTE OF PETROLEUM 


Sun., Nov. 27th.—STANLOW BRANCH : Tatler Cinema, Chester, 
Film Show, 2.30 p.m. 


INSTITUTE OF PHYSICS 
To-day, Nov. 25th. = Now -Darraucrns TESTING Group : 47, 
ve Square, London, S.W.1 on “O di 
lems in’ Industrial Sse hy ” R. Halmshaw and L. 
Mullins, 6.30 p.m. 


INSTITUTE OF ROAD TRANSPORT ENGINEERS 


Fri., Dec. 2nd—Grand Hall, Connaught Rooms, Great Queen 
London, W.C.2, Annual Dinner and Dance, 6.30 p.m. 
—ScorTTisH 





Institution of 
Glasgow, “‘ Some 
Aspects of Vehicle ‘Insurance and Accident Assessment,’ 
C. A. Wickes, 7.30 p.m. 
Tues., Dec. 6th.—MIDLAND CENTRE : Exchange and Engineering 
Centre, Stephenson Piace, Birmingham, “ Accidents—Their 
Causes and Prevention,’’ G. Mackenzie Junner, 7.30 p.m. 


INSTITUTE OF WELDING 
Nov. 29th.—SLOUGH ee Community Centre, 
ham Road, Cae. “Recent Developments in 
the Argonaut Process,” » Stones, 7.30 p.m. 


INSTITUTION OF BRITISH AGRICULTURAL ENGINEERS 
Wed., Nov. 30th.—JomsT MEETING WITH THE INSTITUTION OF 
HEATING AND VENTILATING ENGINEERS : Institution of Elec- 
trical Engineers, Savoy Place, London, W.C.2, “ Glasshouse 
— and Ventilation,’ E. R. Hoare and L. G. Morris, 
p.m. 


INSTITUTION OF CHEMICAL ENGINEERS 
Wed., Nov. 30th.—N.W. BrancH: Reynolds Hall, College of 
Technology, Manchester, “Combustion in Particulate 
Systems,”’ L. Cohen, 7 p.m. 


INSTITUTION OF CIVIL ENGINEERS 
Tues., Nov. 29th.—Works CONSTRUCTION MEETING: Great 
George Street, Westminster, London, S.W.1, “‘ Large Span 
Prestressed Concrete Bridges,” Eugene Freyssinet, 5.30 p.m 
Tues., Dec. 6th—ROAD MEETING : Great paar, est 
minster, London, S.W.1, “‘ The Planning ap fem 
with special reference to London, "FLA. "Rayheld, 5 p.m. 


INSTITUTION OF ELECTRICAL ENGINEERS 
Sat., Nov. 26th.—LONDON GRADUATES’ AND STUDENTS’ SECTION : 
Visit to St. Bartholomew’s Hospital (X-Ray Department— 
Diagnostic), 10 a.m. 
Mon., Nov. 28th.—LONDON GRADUATES’ AND STUDENTS’ SECTION : 
Visit to Associated Newspapers, Ltd., 9. a 
ee Tagg 29th.—LONDON GRADUATES’ AND STUDENTS’ SECTION : 
blic Library, a “Colour Television,” L. A. 
Hes, 7 p.m.——MEASUREMENT AND Rapio SECTIONS : Savoy 
, London, W.C.2, “ The Specification of the Properties 
= the Tr Thermistor asa Circuit Element in Very-Low-Frequency 
Fe “A Vector xe for Amplitude-Modulated 
Siena Cc. J. N. Candy, 5.30 p. ND SuB- 
CENTRE: Carlton Hotel, North ‘Bridge, Edin burgh, “ Auto- 
matic nig * G. F. Peirson, A. H. Pollard and N, 


Case, 7 p. 
Wed,, Nov "30th.—S. MIDLAND CENTRE : Midland Institute, 
Paradise “The Recent Search for and 
* Aircraft near Elba,"” Commander 
Fosberg and G. G. Macneice, 6.30 p.m. 
ae Dec. 1st.—ORDINARY MEETING : “Savoy Place, London, 
2, 


FS. J. Spearman, J. J. Gait, A.V. Rae ote Ww. 
. 5.30 p.m. 
Mon., Dec. 5th.—INFORMAL MEETING: Savoy Place, London, 
W.C.2, Discussion on “ Private —— from the Point of 
View of the User,”’ — ames Wat Irens, 5.30 p.m.—— 
$ tt ‘Memorial Institute, Great 
i Echo-Ranging,”’ 


“ Under-Water 
D. G. Tucker, fs p.m. 
6th.—MEASUREMENT AND UTILIZATION SECTIONS : 
Savoy Place, Pet & Instrumentation of a 
14-inch Experimental Rolling Mill, ”” S. S. Carlisle and G, W. 
Alderton, 5.30 p.m. 


INSTITUTION OF ENGINEERING DESIGNERS 
oy ., Dec. Sth.—Northern Architectural Association Hiali, 
6, Higham Place, Newcastle upon Tyne, “Gear Design and 
Application—A Practical Approach,” S. Fearns, 7.15 p..m 


INSTITUTION OF ENGINEERING INSPECTION 
ra Nov. 29th. COVENTRY BraNcH: Room AS, Technical 
roery Coventry, “‘ The Wilson Gearbox in M Trans- 
G. W. Lusty, 7.30 p.m. 
wea "Nov. 30th—GLascow BRANCH: St. Enoch Hotel, 
Glasgow, * Elements of Quality Control, ”* A. Kirk, 7.30 p.m. 


INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
SCOTLAND 


Tues., Nov. 29th,—39, Elmbank Crescent, Glasgow, 
Research at M.E.R.L. ah E. Phillips, 7.30 p.m. 
—= Dec. 7th.—JoINT MEETING WITH THE DUNDEE INSTITUTE 

F ENGINEERS : University College, Dundee, “ Light Struc- 
tures —R pong —— its Application to Economic 
M. Kenedi, W. Shearer Smith and F. Fahmy, 7.15 p.m. 


INSTITUTION OF HEATING AND VENTILATING 
ENGINEERS 


Tues., 
Farni 





“ Patigue 


Tues., Nov. 29th.—LONDON AND DistRiCT ASSOCIATE MEMBERS’ 
AND GRADUATES’ SECTION : Junior Institution of Engineers,’ 
Pepys House, 14, Roc hester Row, vt “el “Is Automatic 
a t?” A. G. yo he m.——SCOTTISH 
BRANCH : ,, Contos Square, Edi “The Heating 

i ,” H. H. Grattidge, 7 p.m. 

Wed., gy 30th. cant MEETING WITH THE INSTITUTION OF 

BRiTIsH AGRICULTURAL ENGINEERS : Institution of Electrical 


” Tues., 
Geo. 


Nov. 25, 1955 


ineers, Savoy Place, London, W.C.2, “‘ Glasshouse Heating 
Ventilation,” E. R. Hoare and L. G. Morris, ag 

Mon., fase. 5th.— BIRMINGHAM AND eer ES NCH, CraApu- 
ATES’ EVENING : an tre, Step’ 
Voth eet Lely Reletles “on 
Hot-water Heating installation Pe E, Went, 6.30 p.m. 

Wed., Dec. ee yy MEETING : Institution of echanical 
Engineers, Birdcage Walk, London, — Overall 
Testing of ious and Air Conditioning Plants,” \, ¢. 
Ramsay, 6 p.m. 

INSTITUTION OF pasion 

Fri., Dec, 2nd.—Institution of Struct ; eee 11, Up 
oe 5 he Street, London, S.W.1, “ Soil Stabilisation— he 
and Practice,” D. J. Maclean, 5.30 p.m. 


INSTITUTION OF MECHANICAL ENGINEE® 
To-day, Nov. 25th.—GENERAL MEETING, INDUSTRIAL A omni. 
STRATION AND ENGINEERING PRODUCTION GROUP : 1, Biidcage 
Walk, London, S.W.1, “* Developments in Mec hanised Weld- 
ing in the Aero- ‘Industry,” F. G. C. Sandiford, 5. ) p.m, 
Tues., ae t or 1UCATION Grovr : 1, Birdcage Walk, 
a on * * Laboratory Work—Purposes 


N BRANCH: Medway Coli ze of 
7 Chatham, “* Mechanical of the Design 
t Generation Equipment,”’ W. - Hinton, 7.20 pm. 
Thess Dec. ist.—-N.W. BRANCH : —, Albert 
Square, Manchester, “ Co-operatio: a in Engineer ring R 
eo ——— coleieas Indust 
E. Giffen ; Part II, V. C. Davies ; vod mH, J LE R. 
6.45 p.m.-——WESTERN GRADUATES SECTION : Pump Xoo 
Bath, “Some Mechanical Earp of Gas Turbines,” m, 
Mosedale and A. B. I. Smith, 7 m. * 
Fri., Dec. 2nd.—GENERAL MEETING HYDRAULICS Group: 
1, Bi Walk, London, S.W.1, ¢ “> apnea Accumulators 
in Heavy industry, ” J. G. Frith, 5.30 p 
Tues., Dec. 6th.—INTERNAL Conepusrion ene Grov> : : 
Birdcage Walk, London, S.W.1, Discussion, “ New Fuel. 
Injection Systems,’’ 6.45 p.m. 


INSTITUTION OF PRODUCTION ENGINEERS 
Thurs., Dec. 1st.—N. IRELAND SECTIO) Kensington Hotel, 
Square East, Belfast, “ Cos Tools and Lathe 

a Metcalfe, p.m.——READING 

Great Western Hotel, Reading, “* Budgetary 

non and Standard Costs,”’ R. Cutler, 7.30 p.m.— 
GLOoucesTER SECTION : Belle Vue Hotel, Cheltenham, : Induc- 

D. Jones, 7.30 p.m 

ANCH : White Lion Hotel, 

“The Use of Plastics in Engi- 
p.m. 


ENGINEERS 


tion Heating and its Application,”’ 

Tues., Dec, 6th.—PETERBOROUGH _ BRA 
Church Street, Peterbo: 
neering,” B. E. Terry, 7 


INSTITUTION OF STRUCTURAL ENGINEERS 

To-day, Nov. 25th.—MIDLAND CouNTies BRANCH : James Watt 
Memorial Institute, Birmingham, “ Prestressed and Other 
Reinforced Concrete Work at Ansells’ Brewery,’’ J. E. C. Fare- 
brother, 6 p.m. 

Fri., Dec. 2nd.—WesTeRN COUNTIES BRANCH : The University, 
Bristol, “ Joints in Water Retaining Structures with Particular 
Reference to Reservoirs,”’ J. A. Young ; Wns oe wy 
Between the Consultant and the Steelwork Engineer,’’ N. T. A. 
Beavan, 6 p.m. 


JUNIOR INSTITUTION OF ENGINEERS 
To-day, Nov. 25th.—Pepys House, 14, Dothatat Row, London, 
S.W.1, Annual General Meeting, 7 p. 
Fri., Dec. 2nd,—Fim EVENING : Pepys ; House 
Row, London, S.W.1, “* Sound Steel, * Firth Brown Castings,” 
* SBA.C. Flying Display, 1954,”* introduced, by S. Essam, 


James Watt Memorial 
Pa 
A 


, 14, Rochester 


weds Dec. 7th.—MIDLAND SECTION : 
Institute, Great Charles Street, ;. 
The Anatomy of Conscious Machii 


Inspection— 
Sargrove, 7 p.m. 
MANCHESTER ASSOCIATION OF ENGINEERS 
Fri., Dec. 2nd.—Engineers’ Club, Albert Square, Manchester, 
7 Vibration, ” J. H. A. Crockett, 6.45 p.m. 
MINISTRY OF WORKS 
Thurs., Dec. 1st. aly on dar Chesterfield Road South, 
Mansfield, “‘ Pipes and Pi Laying, ”* N. W. B. Clarke, 7.15 
—Schofield Technical “ahora 8 Park Road, Mexborough 
. A. Hayward, 7.15 p.m. 
, Wisemore, Walsall, 


il College, Forest Road, 


Pa ic Pi 
7.15 p.m.——S.W. Essex 
London, E.17, 3 Tne Thenmal Tneiation of Buildings,’ R. R. 


Houston, TAS p.m. 

Fri., Dec. 2nd.—City College, Ipswich Road, Norwich, “ Con- 
crete and Formwork,”’ A. B. Harman, * -30 p.m.——. 
Grosvenor Museum, Grosvenor Street, “* Seasoning 
and Preservation of Timber,” D. B. Irwin, 730 <a 


NORTH EAST cong INSTITUTION OF ENGINEERS 
SHIPBUILDERS 


To-day, Nov. 25th. a> bres Institute, Newcastle upon Tyne, 
An Analysis of the Behaviour of Riveted Joints in Aluminium 
Alloy Ships’ Plating,’’ A. R. Flint, 6.15 p.m. 


REINFORCED CONCRETE ASSOCIATION 
To-day, Nov. 25th.—MIDLAND COUNTIES BRANCH : 
Memorial Institute, Great Charles Street, Birmingham, 
forced and Prestressed Concrete at Anseils’ —r 3, B.C. 


Farebrother, 6 p.m. 
Tues., Dec. 6th.—N.W. Brancu: College of Technology, 
Sackville Street, Manchester, “‘ Design and Construction of 
Modern Concrete Highways,”’ F. N. Sparkes, 6.45 p.m. 
ROYAL AERONAUTICAL SOCIETY 

Tues., Nov. 29th. —SECTION Lecture: Library, 4, Hamilton 
Place, London, W.1, “ The Noise of Jet Engines,” F. B. 
Greatrex, 7 p.m. 

Thurs., Dec. \st-—Matn Lecture At BoscomBe Down BRANCH : 
Airman’s Mess, A. and A.E.E., Boscombe Down, “ Free 
Flight Techniques for iigh Speed Aerodynamics Research, 
P. A. Hutton, 6.30 p.m. 

Tues., Dec. 6th.—Section Lecture: The Library, 4, Hamilton 

, London, W.1, “ Fatigue Aspects of Structural Design,” 
W. A. P. Fisher, 7 p.m. 
SHEFFIELD METALLURGICAL ASSOCIATION AND 
HHEFFIELD SOCIETY OF ENGINEERS AND 

6th —Sagineering Thestre, The University, St. 

Dec. —Engi i tre, niversity, 
rge’s Sone Shetield® “ * Production Control Quanto- 
meter for Steelworks Analysis,"’ D. Manter-Field and W. Sykes, 

7 p.m. 

SOCIETY OF INSTRUMENT TECHNOLOGY 


Tues., Nov. 29th-—MAIN MEETING : Manson House, ‘Portland 
don, W.1, “ Electronic Computing Methods,” 


Place, 
A. St. Johnston, 7 p.m. 
SOCIETY OF ENGINEERS 
Mon., Dec. Sth.—Geological Society, Burlington House, Picca- 


dilly, w.i, pments in the 
Modern Car,”’ ‘Laurence Pomeroy, 5 p.m. 





